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(Note; The arrangement of the abstracts is alphabetical by author or senior author.) 

A New Strain of the Tomato Leaf Mold Fungus Cladosporium fulviim, L. J. Alex¬ 
ander. Beveral workers have re'portod that the tomato species, Lycopcrsicon pimpinelli- 
folium, is highly resistant to the tomato leaf mold fungus, Cladosporium fulvum, Kc- 
eontly, the new variety Globolle, developed from crosses between L, pimpiiullifoUum and 
varieties of the domestic species suddenly became susceptible. Previously, Globelle had 
shown as high a degree of resistance as L, pimpincUifohvm, Investigations that followed 
have shown that the difference in resistance is due to a new strain of the leaf-mold fungus. 
In cross-inoculation experiments, plants of the varieties Globe and Globelle were uniformly 
susceptible to spores of the fungus collected from diseased Globclla leaves. However, when 
plants of the two varieties were inoculated with spores collected from diseased Globe leaves, 
secured from a location remote from where the new strain of the fungus was present, the 
Globelle plants were highly resistant and the Globe plants susceptible. Inoculation exx)eri- 
ments also have shown that L, pmpinelhfohum is susceptible to the new strain of C. 
fulvum. 

liactcrial Stall' Bnt of Field Corn Caused hy Phytomonas lapsa, n. sp. P. A. Ark. 
Bacterial stalk rot of field corn occurred in epidemic form in several counties in California 
in 1937. It resulted from the use of contaminated seed or from survival of the organisms 
in the soil. It is a parenchymatous disease. Under favorable conditions (high humidity 
and high temperatures) a rapid rotting of the leaves and the stalk occurs, often causing 
the plants to fall to the ground. The pathogen was isolated from the external parts and 
from tJie alimentary organs of Diabrotira beetles. The organism is a short bacterium 
< 1.55 n X 0.56 p), motile by 1 to 4 polar flagella. It produces fluorescence in Uachinsky’s, 
iVrmi and Cohn’s solutions. Acid, but no gas, is produced from dextrose, sucrose, 
maltose*, IjK-tose, glycerine, arabinos(*, xylose, galactose, raflinose, and mannitol. The name, 
Pli 3 rtomoiias lapsa is proposed, the Latin word lapsus, meaning falling, descriptive of one 
of the symptoms of the disease. The disease is controlled by dusting the seed with 
jSemesan Bel. Of many species of plants inoculated with Phytomonas lapsa, n. sp. only 
sugar cam* seedlings developed a disease similar to that of corn. 

Relation of Reducing Suhslances to Longcvitif and Virulence of Phytopathogenic Bac¬ 
teria* 1*. A. Ark. Vitamin C (1: 200 to i: 1,000,000), cysteine (1; 1,000), glutathione 
(1: 1,000), pyropillol (1: 1,000), resorcinol (1: 10,000) and tannic acid (1: 100 to 10,000) 
prolonged the life of Erwinia amylovora, Phytomonas malvaci arum, Ph. pisi and Ph. 
stewarh, when these materials were incorporated into potato-dextrose i»eptone agar on 
which the pathogens were grown. The higher the concentration of the vitamin C and 
other reducing substances the longer the bacteria can live on the medium without sub- 
culturing. Moreover, this property is retained by the organisms for some time when they 
are transferred into media without the reducing substances. Thus, F. amylovora lived 6 
months instead of 2 weeks on the potato-dextrose-peptone agar when transferred to this 
medium after 2 months on media containing vitamin B (betoxin, 15 mg. per liter of media) 
or resorcinol (1; 10,000). Virulence of E* amyjotora diminished Avhen growui without 
subculturing from 1 to 4 months on the yiotato dextrose-peptone agar jilus the reducing 
agent. Virulence returns to normal very promptly, even after the first transfer to a 
medium without any reducing agent or a medium of a very low reduction potential. 

Fusarium Wilt of Cotton and Tobacco Apparently Causid by the Same Organism, 
G. M. Armstrong. Isolates of Fusarium spp. obtained from wilting cotton and Burley 
tobacco in South Carolina have been used in cross inoculations on the susceptible varieties 
Farm Relief (cotton), Burley 5 (tobacco), and tin* resistant tobacco varieties, Burley 31 
and Gold Dollar. A Fusarium obtained from wilting tobacco in Kentucky also was 
used wdth the tobacco vari(‘tie««. liiocillations have been conducted in w^ater-cultures in 
the greenhouse and in pots of soil out of doors. The wilting of the susceptible cotton and 
tobacco varieties in water-culture after inoculation with the S. 0. cotton fungus varied from 
87 to 100 j>cr cent and wdth the S. C. tobacco fungus, 87.8 to 100 per cent. Seventeen 
per cent of wilting occurred with one resistant variety of tobacco inoculated with the 
cotton fungus. No external symptoms of wilting occurred in either resistant tobacco 
variety grown in soil, though the fungus was recovered from some plants inoculated with 
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each isolate. Wilting of the susceptible variety of tobacco in water culture was slightly 
more than twice that in soil. These results indicate that Fusarium vasinfeotum and F, 
oxysporum v, nicotimae are the same, (Cooperative investigations, South Carolina Agri¬ 
cultural Experiment Station and Division of Cotton and Other Fiber Crops and Diseases, 
U. S. D. A.) 

Studies of Olpidium IrifoUi and TJrophlyctis trifolii on White Clover in Louisiana, 
B. E. Atkinson. Leaf curl of Trifolmm repens, caused by Olpidium trifolii, was found 
in early February, 3939, in almost every clover patch in the vicinity of Baton llougc, 
Louisiana. A month later a gall, caused by Urophlyciis tnfohi, was observed on the same 
host in 2 low areas that were inundated for several hours after every heavy spring rain. 
This is the first report of those 2 organisms in the United States. Ever since the original 
descriptions of these 2 fungi, there has been considerable uncertainty as to whether or not 
they were identical. The writer’s studios, however, indicate that they are different. 
Olpidium trifolii produces zoosporangia with 1 or more exit tubes. Both resting spores and 
zoosporangia are characteristically found in the ei)idermal cells. Besting spores are from 
15 ji to 40 p, in diameter. Hosting spores of Urophlyciis trifolti, ranging from 30 to 50 p, 
in diameter, arc formed in suhepjdcrmal chambers by a definite rhizo-myeeliiim of 
turbinate cells and slender strands. The so-called haiistoria form a crown about the top 
of the young resting spores. Wlien the spores mature, the ^ ‘hanstoria disappear, leaving 
9 to 15 pits in the exlernal nail, as is true of Vrophlyctis alfalfae, also. 

Pathogenicity and Hosts of the Fly-Speclc Fungus of Apple. R. C. Baines. The 
fiy*speck fungus Micro thy riella ruhi has been collected on the following hosts: Acer son- 
charum, Qucrcus alba, RithiJis allegluniensis. Sassafras varnfoUnm^ Salu: nigra, Smilax 
hispida, Siaphylea irifolia, (Heditsia tnacanthos, Rhus glabra, and Xanthoxylam anien- 
canum. Mature ascocarps, asci, and ascosporcs from each host w(‘re morphologically 
similar. Ascospores were found to mature during the first part of Juno at Ijafa,yetto, 
Indiana. The fungus was isolated in single-spore cultures from the first 7 hosts listed 
above. Cultures from all 7 app(*ared veiy similar on potatf) dextrose agar. 3’lie fungus 
grows slowly and produces a grey, compact colony on most agar media. Orowtb was 
obtained between pH 1.8 and 8.2 on oatmeal agar. Growth oc'curred over the t(‘rnperji- 
ture range, 5-27® C., best growth appearing between 15-24® i). Attempts to induce 
sporulation in culture failed. Immature apple fruits wer(‘ inoculated with mycelium from 
cultures isolated from the first 5 above-named hosts. Typical fruiting bodies and symp¬ 
toms of fly speck were obtiiined in each case. The fungus diffeis markedly in symptoms 
produced on a[)ple and in cultural characteristics from the sooty blotch fungus Gloeodes 
pomigena. 

Acquisiiion and Transmission of Viruses by Dodder {Cuscuta snhinclusn.) C. W. Ben- 
net. Dodder (Cuscuia subrnclusa) , growing on eurly-top-infccted beet or Turkish 
tobacco plants appears to acquire concentrations of virus equal to those of the host plant. 
When stems of dodder were trained from diseased beets and established on healthy beet or 
Turkish tobacco plants the curly-top virus was transmitted to from 2 to 5 per cent of the 
plants. Where no transmission occurred the virus was lost from the dodder within a few 
days following breaking of connection with infected plants. Dodder becanu^ infected 
with cucumber mosaic virus, retained the virus indefinitely on immune plants, and trans¬ 
mitted it to more than 90 per cent of Turkish tobacco and Nwotiana glanca plants on 
which infected stems became established. No virus was obtained from juice of dodder 
growing on beet plants affect(*d with beet mosaic or from juice of dodder growing on 
Turkislv tobacco plants affected with common tobacco mosaic. By means of didder the 
virus at cucumber mosaic is easily setiarated from a mixture of cucumber-mosaic virus and 
tobacdo-mosaic virus in Turkish tobacco. Transmission of the virus of encumber mosaic 
from/Turkish tobacco to Turkish tobacco and N. glauca was obtained also, using C. call- 
fhrnjca. 

Mechanical Transmission of Aster-yellows Virus to Leaf Hoppers. L. M. Black, 
The aster-yellows virus has been mechanically transferred from viruliferous to non- 
viruliferous aster leaf hoppers (Macrostelcs dtvisus) at 0° C. Dilutions of juices from 
macerated viruliferous leaf hoppers as high as 1 :100 in 0.85 per cent NaCl solutions are 
infectious when injected into nonvirulifcrous leaf holers by moans of capillary glass 
tubes. As high as 40 per cent of the inoculated insects become infective for plants after 
an incubation period of from 2 to 6 weeks. Leaf hoppers, infected mechanically, appear 
to transmit virus to healthy aster plants as efficiently as insects thnt become viruliferous 
through feeding on diseased plants. The successful mechanical transfer of virus from 
insect to insect has made possible a study of virus multiplication in this vector. Non- 
viruliferous leaf hoppers were fed 2 days on diseased aster plants and then maintained 
dn rye, which is immune from aster yellows. No virus could be detected in such insects 
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during the first few days after they had fed on diseased asters. Later, however, juice 
from such leaf hoppers was infectious at dilutions up to 1: 100 when injected into non- 
viruliferous insects. This is considered good evidence of multiplication of aster-yellows 
virus in its insect vector. 

Cytological Studies of Sporidial Fusion in Vslilago seae, Donald H. Bowman. 
Sporidial fusion in paired monosporidial cultures originating from single chlamydospores 
of Vstilago seae was found to occur readily, although not al)undantly, in cultures of very 
low nutritive value after a period of 15 to 20 hours, depending upon the temperature at 
which the cultures were incubated. Initiation of the dikaryophase did not occur in any 
fixed manner, but was effected by conjugation of 2 compatible ha]>loid cells, either 
Bporidia or cells of 2 haploid hyjihae resulting from sporidia. Nuclei from the haploid 
cells became paired in a fusion cell, which gave rise to the dikaryotic hyplia. Such hyphae 
continued growth throughout the experiment Avithout reverting to the production of 
sporidia. The end cells of the dikaryotic hyphae absorbed and retained the various dyes 
used much more readily than did the older jiortions of the hyphae and the sxmridia. 
Apical colls of these hyijhae uniformly contained one jjair of nuclei each. The older cells 
contained well-defined nuclei either singly or in pairs or were partly or entirely devoid 
of cell contents. Cells of fused sporidia frequently contained a single nucleus or were 
eitlicr partly or entirely cmx)ty. 

The Boron Deficiency Disease of Apple, A. B. BtJitRFXL AND F. H. Lewis. Numer¬ 
ous terms for the different simptoms are in use. Confusion would bo avoided if all but 
the following were eliminate<l: internal and external cork of fruit; incipient dieback, 
dit‘back, rosette, (and possibly internal bark necrosis). Drouth indirectly was responsible 
for a 1939 outbreak of cork in New York and New England. Borax applied to the soil 
gave control in the 3 major apple-producing regions of New York. Borax soil applica¬ 
tions, in the spring of 39.37, were still effective throughout 1939. Part of the boric acid 
in/)ections made iii late summer of 1936 had become ineffective by 1939. A borax soil 
application on June 80 Avhen some cork already showed, largely prevented latc-season 
develo]unont, which vaus abundant in checks. The cffectiveiu‘ss of bor.ax added to orchard 
sprays remains in doubt, 3’rees treated Avith Ohile.an nitrate of soda have not shown 
significantly less ('ork than those r(‘cei\ing other nitrogen carriers. Six annual applica¬ 
tions of manure did not ])reveut internal cork. Extreme soil acidification with sulphur 
ai>plied from 1927 through 1937 failed to give cork contiol in 1939. In commercial prac¬ 
tice, minor boron foliage injury occasionally results from excessive soil apidication to 
young rejOants and from careless conciuitrated apidication near tree trunks. 

SnlpJmr as a Protect an i of Cereal Crops. Karl D. Butler. Sulphur dusting of 
cereal cro])s on a field scale has lieeu carried on in New York state for the past 3 seasons. 
Through tlu* use of a power duster mounted on a pick-up truck and eqinpt)ed with a 40- 
foot boom, effective protection has been obtained. Kpiphylotics of PuccAnia ruhigo-vera 
Iritici, P- corofiata and Frystphe graniinis border haA^e been checked Avitli 2 to 5 applications 
of Hulpliur at the rate of 30 pounds an acre per a])plication. Tn 1938 and 1939 satisfac¬ 
tory protection of Avheat from P. rnhigo-rera tritrci Avas accomplished Avith but 2 Avell-timed 
applications, ^''iining of ajqdications was facilitated by studies on the dissemination of 
urodiospores by means of weather-vane spore traps. Increased yields in bushels per acre 
ranged up to 10.4.5 of Avhe.at, 25.53 of oats and 5.36 of barley in 1937; 12.56 of wdieat, 
28.81 of oats, and 10.23 of barley in 1938; and 8.38 of wheat, 6.90 of oats, and 6.85 of 
barley in 1939. Iteduced yields dne to injury caused by the equipment in wheat fields 
were found to be slightly less than one bushel per acre. 

Cross Inoculations with Jjoose Smut of H’^heat, Ralph M. Caldavell and L. E. 
Compton. Seven collections of loose smut, VsHlago tritiei, obtained from individual soft 
wheat varieties in Indiana, Ohio, and Illinois, in 1938, were tested for pathogenicity on 7 
soft wheats, (Kanred-Gipsy, Purdue No. 4, Nabob, Forward, Trumbull, Hussar, Kawvale) 
showing field resistance, and 2 (Wabash, Purdue No. 1) showing high field susceptibility. 
Inoculations, by the part-vacuum technique, produced over 75 per cent infection in highly 
susceptible varieties. Evidence was secured of a high degree of host specialization or the 
looso-smut fungus as it occurs on soft wheats in this region. The field-susceptible 
varieties, Wabash and Purdue No. 1, were heavily infected when inoculated with spores 
from the sniiio 2 varieties, respectively. IIoAvover, in cases where either variety was inocu¬ 
lated with smut from the other variety, a high degree of resistance, or immunity, was 
demonstrated, Kanred-Gipsy, a variety previously found resistant to both natural and 
artificial infection, proved highly susceptible to 1 collection from Ohio. Purdue No. 4 
proved highly resistant to certain collections but susceptible to others, KaAwale and 
Trumbull wore resist.ant to all collections, while Nabob, Forward, and Hussar, each, pro¬ 
duced a few infected plants from certain collections. (Department of Botany, Purdue 
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University Agricultural Experiment Station, Lafayette, Indiana, and Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture.) 

The Effect of a Diseased Cotton Seed on an Adjacent Healthy Seed, K. Starr 
Chestjsr and Gertrude Tennyson. Tho question of whether a diseased cotton seed 
jeopardizes the success of adjocent healthy seed was tested by direct observation of the 
success of healthy seed in the presence of diseased seed under greenhouse conditions and by 
analysis of greenhouse and held data in the light of the mathematical probability of suc¬ 
cessful development of healthy seed alone or in the presence of diseas(*d seed. The dis¬ 
eased seeds were infested with various amounts of Glomerella gossypiiy Fusarivm monili- 
formej Sclerotium hataticola, Baot. malvaecarimy and other organisms. The results 
indicated that the stated hazard is slight or negligible under a variety of environmental 
conditions, implying that the beneficial effect of ‘‘(h'resan” is principally on tho treated 
seed itself, and that external factors, prmcijmlly Bhk’ocionia, are of much greater im¬ 
portance in influencing the success of seedlings than infestation among the seed. 

Disease Bcsistance in the Genus Ntcoiiana. E. E. Clayton and IT. IT. Foster. 
Over 1,000 collections of N. tabacum (ii - 24) from all known arras of occurrence have 
been tested for resistance to blue mold (Peronospora iabarma)^ black root rot (Thielavi- 
opsis hasicola), wildfire {Baeterium tahacim)^ bacterial wilt (Bacterium solanaccarum)y 
root knot (Heierodcra 'mario7ii)y and mosaic. A high degree of resistance was found 
for black root rot and mosaic, but only moderate to slight resistance for root knot, 
wildfire, blue mold, and wilt. Wilt, root-knot, and blue-mold resistance was recessive 
and conditioned by multiple factors. Some 30 other Nieotiana species have been studied 
with respect to disease resistance. Some of the more promising of these are, N. dvhneyi 
(n=:24), which appears immune from blue mold and black root rot, and resistant to 
wildfire; N. glauca (n=:12) immune from black root rot and highly resistant to mosaic, 
root knot and wildfire; N, repanda (n=-24) highly resistant to wildfire, black root rot, 
and root knot. Smiths allo-^lyploid (N, iaha^cumxN. glauea -11 = 30) shows resistance 
to root rot and root knot. These, and other species of Nicotianay off<*r a reserve of re¬ 
sistance approaching immunity for all diseases considered, excepting bacterial wilt. 

Sweet-potato-storage Hovse Fumigation. Harold T. Cook and T. J. Nugent. 
Formaldehyde, a formaldehyde-sulphur dioxide mixture, chloropicriu, ammonium hydrox¬ 
ide, carbon tetrachloride, and ethylene dichloride were compared as fumigants for sweet- 
potato-storage houses. The materials were tested on spores from pure cultures of 
Rhizopus nigricans and Ceratostomella fimbriata applied to wooden blocks, susi>ended 
in. 1-liter flasks. After the fumigants were added the flasks were sealed with glue-coated 
paper for 24 hours. The quantity of formaldehyde usually recommended (3 pt. to 1000 
cu. ft.) was found to be about 4 times the amount needed for sterilization. Fumigation 
tests for shorter periods indicated that the fungi were killed within 2 liours. Larger 
quantities of the fumigants were required for sterilization when the storage chambers 
were partly filled with pieces of wood. Chloropicrin was effective against both fungi, 
oven at concentrations as low as 1/16 lb. in a moist atmosphere, but was only partly 
effective, even at higher coiiceiitration.s, in a dry atm()S])]iere. Ammonium hydroxide and 
the formaldehyde-sulphur dioxide mixture were not so effective at low concentrations as 
were formaldehyde and chloropicrin. Carbon tetrachloride and ethylene dichloride were 
entirely ineffective against Kliizopus, even when 12 pints to 1000 cubic feet were used. 

Preliminary Serological Studies of Phymatotrichum omnivorum, B. W. Cumley 
and <t. W. Goldsmith. A prediminary serological study was carried out to determine 
the relationship of the cotton root rot fungus, Phymatotrichum o^nnivorumy to the various 
members of the different groups of fungi. Extracts of freshly collected or cultured 
species were compared with tlie root-rot fungus in the precipitin and the complement 
fixation tests. Eesults indicate that the cotton root-rot fungus serologically is more 
closely related to the various Gastoroinycetes than to the other fungi testc‘d. 

Organic Seed Protectants for Lima Beans. H, 8. Cunningham and E. G. Shak- 
VELLE. Damping-off in most seasons constitutes a major problem in the chief Lirna-bean 
growing areas of the United States. No chemical seed treatment has yet been found 
that is entirely suited to Lima beans. Organic mercurials usually stunt the plants through¬ 
out their lifetime, while copper oxides in many instances harden the seed coat, makmg 
it difficult for tho plumule to break out. Preliminary laboratory and greenhouse ex¬ 
periments indicated that 2 synthetic organic chemicals developed by the Crop Protection 
Institute were efficient, noninjurious seed protectants for combating damping-off of Lima 
beans. The laboratory and greenhouse findings were substantiated by field experiments 
conducted on Long Island during the past season, where seed treatment with the new 
materials No. 120, No. 98, and New Improved Semosan Jr. in that order resulted in 
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significant reduction of seed decay of the Lima beans. Graphite seed treatment reduced 
drilling friction, and that in turn appeared to reduce cracking of seeds and subsequent 
decay in the soil. 

A Method for Tesiing the Pathogenicity of Actinomyces Isolates, Piiaeek Decider. 
Plants were grown from scab'frc?o, cold-formaldehyde-treatcd tubers in sterilized silt- 
loam soil in 6-iuch clay pots, each fitted with a 6-inch clay saucer. The isolates were 
increased on potato-dextrose agar in Petri dishes and washed from the plates into the 
sterilized soil over the seed piece and covered 2 inches deep. The greenhouse, equipjied 
with a painted concrete fioor and metal-leg benches with wooden tops, was fumigated 
with formaldehyde gas and sterilized with a 2 per cent solution of carbolic acid before 
the pots were moved in the house. The water was applied to the pots by means of the 
6-inch clay saucer placed under each pot to avoid overhead splashing. During the past 
year, of the 225 isolates tested, each replicated 4 times, 35 were strongly pathogenic, 43 
were weakly pathogenic, while 157 were nonpathogcnic under the conditions tested. The 
tubers from 300 control ]>ots placed at random among the pots containing the scab 
inoculum were absolutely scab-free. 

The Belation of Stomata to Wildfire Infection, Stephen DiAcnuN. The amount of 
wildfire on inoculated leaves of greenhouse or field-grown tobacco plants was found to be 
dependent on the stomatal condition of the leaves at the time of inoculation. During the 
day stomata are usually open and tender leaves of vigorous plants atomized with a 
bacterial snsjumsion become severely infected if the nozzle of the atomizer is held about 
2 inches from the lower surface of the leaves. At night or in artificial darkness stomata 
are usually closed or n(?arly so; they also are apt to be closed during the day on leaves 
that are wilted, excessively shaded, or turned up so that the lower surface is exi>osed to 
the sun. Under any of these conditions, when stomata are closed, leaves atomized with 
Bacterium tahacum develop little infection. During some rainstorms stomata were open, 
and during others they were closed, depending perhaps on the light intensity. It is sug¬ 
gested tluit natural infection by bacteria carried in wind-blown rain may occur only when 
stomata are ojien. 

Inoculation Experiments and Ecaction of Inbred Lines of Corn to Ustilago Zeae, 
Jamics G. Dickson and Donald II. Dowman. Inoculation studies with Ustilago zeae 
hsive been conducted during the past 2 seasons. A spore suspension in 0.8 per cent 
solution of rosin-fish-oil sjiray soap appeared applicable to large-scale inoculation ex- 
ptu'iments and ga\e good differentiation for smut reaction on inbred lines of corn. Six 
such lines, differing in resistance to smut, were inoculated at 4 stages of jjlant develop¬ 
ment in 1939. 'I’lie soap solution alone increased smut infection an average of 10.2 per 
cent over the controls. The suspension of chlamydospores in the soap solution increased 
smut infection an average of 39.6 per cent over the controls. The range in averages for 
the indiviiiual lines w'as from 11.2 to 69.7 jier cent increase over the controls. The smut 
reaction of the individual lines in the inoculation experiments for the 2 years w^as in fair 
agreement with that resulting from natural infection. (Cooj)erativc investigation between 
the Wisconsin Agricultural Experiment Station and the Division of Cereal Croi)S and 
Diseases, Bureau of Plant Industry, U. S. Department of Agriculture.) 

Modifications in Cells of Plants Affected by Virus, Jean Dttfrenot. I. The in¬ 
hibition of terniinaJ growth at root tips of sugar beet affected by Javnissc (a virus dis¬ 
ease ill northern France and Belgium) results in many mitochondria differentiating into 
starch-storing'' aniyloplasts in postmcristematic cells, wdicre homologous cells of sound 
beets show only rod-like * inactive" mitochondria. The same response has been ob¬ 
served in beets affected with curly top. 

IJ. Enhanced resjiiration in virus-affected cells may shift the pH of the vacuolar 
solution upwards, as organic acids are oxidized to COg. The lowering of the acidity, 
together with altered viscosity resulting from accumulation of tannin in the vacuolar 
solution, causes calcium oxalate to crystallize as large tetrahedric crystals, often clumped 
together as, for examph*, in cells of Up-to-Datu potato leaves, along the necrotic 
perivascular lesions caused by Virus Y. 

III. Chloroplasts in affected leaves are more apt to swell, when sections of fresh 
tissues are immersed in hypotonic solutions; chlorophyll may migrate away from swollen 
chloroplasts, to be absorbed in oil inclusions. 

Bcactions of Cells of Sugarcane Stall's to the lied Pot Fungus, Colletoirichum 
faloatvm Went. Jean Dhfrenoy and G. W. Edgerton. Following inoculation, spores 
lodge in the pitted vessels and germinate. Mycelium grows through pits into the living 
cells of the parenchyma and comes into close contact with the nuclei. Vacuolation is 
induced and numerous oil droplets along the cytoplasmic strands outline the vacuoles. 
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In susceptible varieties such as C.P. 807, more cells become heavily infected as the 
infected cells die and the hyphae are outlined by rows of droplets of vacuolar material 
showing staining reactions of i)henolic compounds. In resistant varieties such as Co. 281 
phenolic compounds are evident tliroughout the vacuolar system of infected cells and the 
mycelium becomes imbedded in the reactive products of the cell. The red pigment pro¬ 
duced by the infected tissues diffuses out into the adjoining cells and is absorbed by the 
lignified spirals of the vessels. From sections of red-rot lesions, treated with 0.25 per 
cent NaOH, a yellow solution is obtained, which oxidizes and turns brown on contact 
with the air. 

The Influence of Ultraviolet Irradiation on the Pathogenicity of Phyiomonas tume- 
faciens. B. M. Duogar and A. J. Biker. In this work monochromatic ultraviolet of 
wave length 2650 A was employed, and su8]>cn8ions of the bacteria were exposed for a 
time to intensities sufficient to give about 99 per cent killing, i.e., 1 percentage survival. 
Four strains of the organism were selected; one of these characteristically virulent (gall- 
producing), one attenuated by chemical treatment, and two strains j>artially attenuated 
by the same type of treatment. Of these two last, one was losing and one recovering 
gall-producing capacity. Gall production of all treated and control ausj)ensions was 
tested by inoculation into young tomato plants, with periodic observation and measure¬ 
ment of the gall number and size. About 50 colony isolates of each exposure were used, 
and for each isolate 10 punctures were made; the control was similarly used. The 
present status of the results j)oint to the following: Neither was the virulent strain nor 
the avirulent one materially affected in pathogenicity by irradiation. The partly viru¬ 
lent strains, on the whole, gain in pathogenicity as a result of irradiation. The sur¬ 
vivors of irradiation-treated isolates exhibit a greater range of variability than the 
corresponding controls. 

Moot Girdle Candied by High Wind. E. L. Felix. Boot girdle, characterized by 
marked constriction of the primary root near the soil surface, frequently causes lieavy 
losses in small seedlings of beets, carrots, lettuce, and spinach in Western New York, 
especially on muck soil. In lettuce, root girdle (previously incorrectly called stem- 
girdle) commonly destroys plants one-fourth or more grown. Lettuce suddenly turns 
yellow, wilts, easily breaks off at the constriction, and is sometimes mistaken for cutworm 
injury. Beddiah to reddish brown vascular discoloration sometimes originates below the 
girdle and extends upward to it, seldom above. Leaves of girdled lettuce sometinu's are 
inclined in one direction and the roots in the opposite, presenting a one-sided appearance. 
That high wdnd is the primary cause of root girdle is indicated by observations over a 
15-year period. Boot girdle occurs only following high wind, usually 2 to 4 days later, 
and in wdnd-swept portions of the held. Tt appears and disappears in large part 
suddenly and simultaneously. Occurrence is of short duration, the majority of affected 
plants dying in 7 to 10 days. Leaf inclination in girdled lettuce tends to bo leeward. 
Associated bacteria and Botrytis fail to reproduce typical root girdle and are secondary 
invaders. The manner of girdling ai>pears to b<* mechanical injury, desiccation, and 
shrinkage of tissues. 

Variation in Dothiorella vhnl, the Elm Ceyhalosporum. Lawrence M. Fenner. 
Variation in cultural characters in the elm die-back organism, Dothiorella ulmij has been 
observed. Sixteen isolates from widely distributed points in the eastern United States 
have been studied by single-spore methods and sector subcultures. Three phenotypic 
groups, A, B, and C, were noted. The range of variation was gi'catest in group A. A few 
forms have been considered relatively stable.- Gertain phenotypes are reported as new 
and undescribed in the literature. In a study of more than 2,000 single-spore colonies 
and their numerous subcultures, a close relationship was recognized among the phenotypes 
of the 3 groups. 

The Thixotropic Character of the Tobacco MosaiC'Vxrus Protein. Vernon L. 
Frampton. Three hundred feet of 16 mm. Kodachrom photographed through crossed 
Polaroid plates. Interesting features include: 

1. An indication of the sol-gel transformation time. 

2. The solid character of the ged depicted in a rotating test tube. By way of 
contrast, debris suspended in water does not rotate wdth tube, whereas the virus protein 
gel does. 

3. The evidence that the Brownian movement is greatly curtailed is seen in the 
persistence of the orientation of the anisodiniensional aggregates—an orientation induced 
by a sphere falling through the gel. 

_ 4. Vortex motion in true Bolution is contrasted with the behavior of tho virus pro¬ 
tein got under comparalde conditions. 
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5. Demonstration of the gel character of the protein-water system by metathesis 
of DaSOi in the form of what appears a solid vertical rod in the center of the gel. 

6. The swastika shape cross of isocline. 

7. The spontaneous repair of structure broken by forced flow. 

8. The elastic character of the gel as shown by the very strongly damped harmonic 
motion of the gel mass as it comes to rest after having been disturbed. 

9. A comparative study of the viscosity and diffusion of the protein-water system 
and of glycine. 

Some Factors that A fed the Spray Frogram in the Control of Cedar-Apple Bust 
Fungi on the Apple, J. M. Hamilton and L. O. Weaver. Studies on potted apple trees 
in a controlled environmental set-up indicate that fungicides arc effective only against 
infection from the sporidia of the cedar-rust fungi over the area actually covered. Liquid 
lime-sulphur 1-50 is effective when applied 8 hours after the sporidia are in situ, but the 
wcttablo sulphurs do not inhibit infection at 4 hours. Foliage infection takes x^ace in 
6, 4, 2, and 5 hours at temperatures of 9, 13, 17, and 21 degrees C., respectively, but not 
at 25 Sporidia may remain viable on foliage without moisture for 24 hours; but there 
is a marked reduction in the amount of infection after 4 hours. Exiieriments conducted 
on dwarf Wealthy and Delicious trees with the apple and quince rusts suggest that fruit 
parts may be susceptible any lime after the opening of the fruit cluster. Prevention of 
seiial infection is important. The quince rust fungus causes heavy fruit drop, not usually 
apparent when infection takes place during or soon after bloom. The fruit is most 
heavily infected at 4 to 10 mm. diam., but it is susceptible at 52 mm. Fruit infection 
has been obtained in 5 aii<l 12 hours at 1(5° C. W'ith both rusts. 

Methods for Determining the Ff/rcfivencss of Fungicides Against Apple Scab and 
the Cedar-Apple Fust Fungi, .1. M. Hamilton and L. O. Weaver. The technique of 
spraying fungicides on potted apple trees, washing them on a turn table, and testing the 
fungicidal residue by subjection to an infection period against the spores of Veniuria 
inacqualis in a temperature-humidity controlled chamber has been improvt‘d upon. Kegu- 
lated spraying of trees on the turn table, together with modified sulxihur and copper 
analytical methods, has made possible accuratt* evaluation of fungicides and a more valu¬ 
able interpretation of data from analyses of fungicidal residues taken in the field. The 
use of the sporidia of Gymnosporangium j uni pert-virginianae is preferable to the spores 
of r. inacqualis. A precision laboratory sprayer—a material but limited aid in xirelim- 
inary fungicidal studies- has be(?n adopted, with the above set-up, for making exact de¬ 
positions of fungicides or siiore suspensions on foliage. Half of each leaf can be sprayed 
and the other half l<‘ft as a check. The initial deiiosit is most accurate and can be tested 
With or without washing. For example, 30 to 40 gamma of sulphur per sq. in. are required 
to give protection against sporidia of Gymnosporangium juniperi-virginianae, whether it 
is an initial deposit or residue obtained by washing. 

The Dissemination of Yellow Dwarf of Potatoes and Its Leaf Popper Vector, Aeerata- 
gnlha sanguinolenia, F. D. Hansing and Vernon L. Frampton. The ineidemcc of yel¬ 
low dwarf in potato ii(>lds indicates tliat its leaf-hopjier vector migrates in obedience to 
tho laws of diffusion. Data obtained from samph's of tubers taken at various distances 
from adjacent nu’adows in 2 fields of tho variety llural, and indexed in the greenhouse, 

fit the curve - Log ~ Kd where I is the percentage of infecUon at the distance d from the 

meadow, Jo is the “saturation valuein per cent at the edge of tho field, and K is a 
constant characteristic for the paiticular observation and represents a composite of 
various factors, such as population density, proportion of viruliferous invsects, prevailing 
winds, food supply, etc. Values for log lo and for R were 1.78 and .019, respectively, in 
tho one case and 1.32 and .015 in tho other. Conclusions that seem reasonable on the 
basis of these data are: (1) The migration of the insects parallels that of a diffusing 
substance; (2) The principal vector occurs naturally outside the field in question; (3) The 
spread from potatoes infected during the current season is a minor factor in the dis¬ 
semination of the disease. 

Insects in Felalion to Foot Hot and Basal Stem Hot of Cereals. E. W. Hanson and 
J. J. Christensen. Studios during recent years have shown that several species of in¬ 
sects, most of which arc not yet definitely identified, attack tho basal parts of wheat, 
barley, and several wild grasses, furnishing avenues of entrance for fungi, in some cases 
filling the culms with frass, which is a good medium for rapid growth of fungi, and pre¬ 
disposing the plants to root rot and basal stem rot. Infestation of this type has been 
common througLout the spring-wheat area for several years, the amount varying with the 
locality and year. In 1938 and 1939, from 70 to 90 per cent of the x>laiits of certain 
varieties wore infested. The durum variety Mindum was extremely susceptible, bread 
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wlK^ats were moderately susceptible, and oats was virtually free from infestation. Many 
grasses, including Agropyron repenti, A. smiihii, A. cristatum, Bromus inermis, and 
Bohinochloa omsgalli also were infested and predisposed to rots. JTelminthosporium spp, 
and Fusarium spp, were isolated most commonly. The recognition, selection, and develop¬ 
ment of varieties resistant to root and foot rot must take into consideration susceptibility 
or resistance to the predisposing insects and the interrelationships between them and 
the rots. (Cooperative investigations between the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, and the Minnesota Agricul¬ 
tural Experiment Station.) 

' Effect of Fertilisers on the Development of Bunt of Wheat, E. W. HaNkSON and I. 
W. Tervet. It has been difficult to obtain consistently satisfactory infection with bunt 
at University Farm, St. Paul, Minnesota. Therefore, a study was made of factors af¬ 
fecting its development. As fertilizers have been reported to be important, potash, am¬ 
monium phosphate, ammonium sulphate, cyanamid, acid phosphate, and urea were added 
to the soil separately at the rates of 250,200, 200, 200, 150, and lilO lb. per A., respectively, 
in 2 applications—the first, 10 days after planting and the second, 18 days later. Seed 
of 2 varieties, Ceres and Thatcher, was inoculated with a composite sample of chlamydo- 
spores of several physiologic races and collections of Titletia levis and T, iritici. The 
experiment included 32 replications in 1938 and 4 in 1939. The relative amount of bunt 
was high (41.6 per cent on Ceres) in 3938 and very low in 1939 (3 j)er cent on Ceres), but 
in neither year was there any correlation between the amount of bunt and fertilizers 
applied. (Cooperative investigations bctw’een the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, and the Minnesota Agricul¬ 
tural Experiment Station.) 

A Fungous Parasite of the Pine Bari' Beetle. J. G. Harrar and J. G. Martland. 
During the spring of 1939, collections of bark of Pinus echinata from eastern Virginia 
were found infested with the larvae of the pine bark beetle, Dendroctonus frontalis, many 
of which were dead or dying from what appeared to be the action of some parasite. 
Upon examination, large numbers of the affected larvae were found infested with both 
fungi and ncunatodes. Larvae from a number of collections were plated out, and a 
similar fungus was isolated from each of several larvae from the different collections. 
A study of monosporous cultures of the fungus has resulted in its tentative identification 
as a species of Beanveria. Kesults of subsequent experiments have shown that this 
organism may live as an insect parasite, 

A Wilt of Tree Paeonia (Paeonia moutan). M. B. Harris, A fungus disease of 
tree paeonia has been observed in the San Francisco Bay region since 39ii2. On old 
plants it causes a wilting and sudden killing of the current season growtJi. The first 
evidence of the disease is a watersoaked lesion that raj>idly turns a light brown, en¬ 
circles the stem, and causes the growth above the lesion to wilt and collapse. Losses are 
most severe during the flowering season. If allowed to go unchecked young shoots wilt 
successively as they appear and the plant eventually dies. Isolations and pathogenicity 
studies have shown that 2 species of Coniothyrvum cause the disease. One of these is 
believed to be Conioihynum f uekehi. Cross inoculations or roses have shown that both 
fungi can parasitize roses and paoonias. Histological studies show that the fungi arc 
largely confined to the cortical region of the stems. Effective control in a commercial 
nursery has been accomplished by pruning out infected stems and spraying with 
ammoniacal coj)per carbonate. 

Transformation of Ilavstoria and Ityphal Tips of Puocinia graminis iritiQi into 
Spore-nice Bodies. Helen Hart and J. Lewis Allison. Haustoria of certain races of 
Puccinia graminis triiici may be transformed into urediospore- or teliospore-like bodies 
within host cells and the hyphal tips of the intercellular mycelium may develop into 
teliospore-like bodies at a temperature of 29” C., or higher, in seedlings of certain wheat 
varieties. External evidence of the transformation is the browning of host tissues sur¬ 
rounding the rust pustule, where chlorosis is the normal appearance. In severe cases the 
browuiing is marked and sporulation in the pustules is greatly reduced. High atmospheric 
humidity hastens and accentuates the browning at high teraperattlrea. This seemingly 
abortive sporulation is common in many collections of race 34 and^in certain collections 
of races^ll and 15, and it may occur in other stem rust races. It is most severe on Kota, 
Ceres, Kubanka, Acme, Arnautka, and Thatcher wheats, on Vernal emmer, and on einkorn. 
It rarely or never occurs on Marquis, Little Club, Mindum, or Spelmar wheats. 

Effect of Soil Eeartion on Soil Hot of Sweet Potatoes. John D. Hartman and B. 
W. Samson. Sweet potato soil rot w'as reduced by the use of sulphur and increased by 
the use of lime on Princeton and Elk sands having initial reactions of around pH 6.3 to 
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pH 6.9, as measured by the relative numbers and weights of marketable potatoes with 
no lesions and with small, medium, or large lesions. Increasing the acidity to about 
pH 5.9 or pH 6 greatly reduced soil rot and decreased yield little or not at all. Soil rot 
W'as more i>revalent at pH 7.5 or higher and yields were lower. Among replicated plots 
adjusted to a given pll level soil rot tended to be more severe on those plots, which pre¬ 
vious to adjustment had had the highest pll. The above pH determinations were based 
on sami)les taken in the spring. 

Afiftociation of Jiacterhim Phaseoli and the Virufi of Common Bean Mosaic. 
Florence IT edges. Bacirrium phaseoli has been isolated from bean plants inoculated 
with bean-mosaic virus, but showing a high percentage of bacterial infection on the 
inoculated primary leaves. Tsolations were made from such primaries and also from 
trifoliates showing virus infection hut no hacterial lesions. Cultures of the bacteria 
from each source produced 76 per cent typical mosaic and also bacterial Infection on 
healthy bean seedlings 11 days and 6 weeks, respectively, after isolation. The bean- 
mosaic virus is ordinarily extnunely ^'short-lived^* outside the plant. In inoculations, 
both with a mixture of virus and bacterial cultures and in two parallel sets of serial 
passages of infected juice therefrom, begun September, 1936, and still in progress, 
dominant virus symptoms and rather inconspicuous bacterial ones with an occasional 
passage showing severe bacterial infcK'tion appeared to be the rule. In the serial pas¬ 
sages, however, after 25 months, the* bacterial symptoms suddenly disappeared for 10 
sucei'ssive passages. Shortly after this disappearance, there arose with the 38th serial 
passage (both sets) an ultra-severe mosaic still persisting (50th serial passage). 
Bacterial symptoms reappeared. Dissociation experiments are in progress with Bact. 
phaseoli from Lima-pod and 2 highly virulent isolations after 2 years of serial passages. 
Comparative studies are being made of "atypical** forms arising therein and those 
appearing in the association studies. 

Spraying Tomatoes for Disease Control. K. G. IlENDERfiON and R. A. Wincmrd. 
During the season of 1939, 22 varieties of tomatoes were sprayed with 3 spray jirepara- 
tions—yellow copper oxide (54Y), red copper oxide with cottonseed-oil emulsion, and a 
commercial preparation of rod copper oxide combined Avitli an emulsified oil (Fugrocide). 
Sexitoria leaf sjiot, Alternaria blight, and Phytophthora late blight occurred generally 
on all the varieties and were especially severe on the nonsprayed plants. The average 
yields jicr aeie of all 22 \arioties on the sprayed and nonsprayed plots were: yellow cop¬ 
per oxide, 15.4 tons; Fugrocide, 8.6 tons; red copper oxide and oil emulsion, 9.6 tons; 
nonsprayed check, 4.8 tons. Some varieties resx>ondcd better to the sprays than did 
others. " For example, yellow copper oxide on N. Y. State gave a 500 per cent increase in 
yield over that of the check plot, w’hile, on Illinois Pride, the increase was only 69 jjer 
cent. The jieriod of bearing was lengthened very greatly by spraying. Pritchard, 
normally an (‘iirly variety, continued bearing throughout the season when sjirayed with 
yellow eopi>er o.xidc. 

Maintaining Quality of Tomatoes hy Delayed Spraying. John W. Hruberoer and 
James G. Horsfall, Ten years of field research on fruit quality are summarized. When 
Alternaria solani and/or Scptoria lycoperstci attacked, sprays reduced defoliation result¬ 
ing in deeper red color and less sunscald and growth ci’acks. Spraying made fruits mark¬ 
edly firmer in 1938. Puncture readings by R. F. Suit in 1939 showed that spraying 
increased firmness by 11 per cent. Spraying reduced blossom-end rot in 1934, 1938, and 
1939. Spraying increased i^ercentage of U. S. No. I fruits in 1939 from 51.4 for non¬ 
sprayed to 66.0 for Bordeaux, find 70.6 for yellow cuprous oxide. "Insoluble** copper 
materials, in general, gave no spray injury. Delaying the applications reduced it for 
Bordeaux. In 1938 and 1939, respectively, stem-end-rot lesions {A, solani) were reduced' 
from 34.1 and 7.2 for nonsjirayed fruits to 39.6 and 4.5 for Bordeaux, to 21.3 and 4.7 for 
red copper oxide, and to 26.1 and 5.6 for copper oxychloride "A,** Percentage anthrac- 
nose (C. phomoides) was reduced in 1938 from 29.2 for nonsprayed to 15.9 for red coj^per 
oxide and 32.3 for Bordeaux, and in 1939 from 7.5 for noiisi>rayed to 1.8 for yellow copper 
oxide, and 0.9 for Bordeaux. Delayed spraying effectively and inexpensively maintained 
fruit quality at a high level, despite disease. 

Strains of the Mre-hlight Organism. E. M. Hildebrand. The cause of sporadic 
character of fire blight and the fluctuations in severity of its attacks has been sought in 
the pathogen. This study employed 136 isolates from diverse sources, involved numerous 
morphological, physiological jand pathogenetical experiments and required 5 years for its 
completion in 1937. The most satisfactory suscept material for measuring grades of 
virulence was slices of green Kieffer pear fruits. The effect on virulence of successive 
bi-weekly transfer to nutrient broth demonstrated more variability than stability during 
6 years. The smallest organisms were commonly most virulent. The mean length meas- 
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urements of 63 cultures (1.59 ji), when classified according to virulence, were: 9 high, 
1.42 m-; 12 medium, 1,57 m; 18 slight, 1.61 m; 18 nonvinileut, 1.59 m* Differences in fre* 
queney of cells possessing flagella, number of flagella per cell, and length of flagella 
set'med not to be significant, except for slightly virulent or nonvirulent cultures. Physio¬ 
logical experiments employing 41 carbon and 18 nitrogen compounds and numerous miscel¬ 
laneous cultural and other tests, failed to locate a more reliable criterion for evaluating 
strains of the organism than pathogenicity. While numerous small differences obtain 
between individual strains or isolates, no strain is believed of significance in any breeding 
program for disease resistance. 

Tellow^^red or Disease: A New Threat to Peach Industry, E. M. Hildebrand 

AND D. H. Palmiteb. Originally discovered in Connecticut in 1933, the Yellow-red or 
disease is now found nearly across the Continent. All varieties of peach seem to be 
susceptible, but only the chokecherry (Frunus virymiana) among wild plants. licaf symp¬ 
toms appear on poach in mid-June and are continuously present thereafter till autumn. 
The sequence—leaf yellowing, irregular red spots, shot-hole, defoliation—^is repeated year 
after year, but rarely results in death to oreliard trees. However, in the greenhouse, trees 
die wh(‘n completely defoliated. Fruit droj) accompanies leaf fall, but small mummies 
often remain attached. On the chokecherry, the sequence—beautiful red and yellow 
foliage, coloring and resetting and finally resetting and death—usually appears in suc¬ 
cessive years, although with considerable overlapping. Maximum injury eneouiiterod in 
peach orchards during the first and second seasons was 62 and 96 per cent of trees infected. 
The extent of symptoms on individual trees ranged from single shoots to entire trees. 
Following inoculations by budding, symptoms may be delayed a year or longer. Eradica¬ 
tion of the chokecherry, on which the disease s])read8 very rapidly, from the neighborhood 
of peach orchards is the best control measure. Chemicals offer most promise in pre¬ 
liminary experiments. 

The Response to Certain Vitamins of Fourteen Species or Strains of the Myriangiales, 
Arthur B. Hillkgas, Frederick Kavanaugh and Anna K. Jenkins. The variations 
in the response of 14 species or strains of Elsinoe, Myrianyium, and Sphaccloma to differ¬ 
ent vitamins have been observed. The cultures were grown in a medium of mineral salts, 
asparagine, and dextrose, and the same medium to which different vitamins had been 
added. Eleven species or strains grew for 3 subcultures in tin* abstmee of thiamin. The 
3 remaining species re(|uired some grow'th substances other than the water-soluble vitamins 
of known composition. 

Succession of Soihinhahiling Fungi Altaclcing the Roots of Maize, W'kn-Chun Ho 
and I. E. Melhus. About 11,000 isolates have been made from roots of maize collected 
in various parts of Iowa since 1935. The fungi isolated may be divided into 3 groups 
based on disease-inducing capacity. (1) Severe: Pythium gramimcola, Rhizoctonia solani; 
(2) moderate: Diplodia zeae, Gihherella saubtnelii, Pythium. debaryanum^ Hcimintho- 
sporium sativum, Penirilliam oxalicum; (3) slight to none: Trichoderma Ugnorum, Asper¬ 
gillus niger, A, flaws, A. tamarii, Fu.sanvm moniliformc, Basisporium gallarum, Phy- 
tophthora cactorum, Morwtospora sp., and Fusarium spp. The succession of these fungi 
on maize roots is influenced by soil and environmental conditions. In most cases Pythium 
debaryanum became parasitic before and following emergence causing seed decay and 
stunting. Later, Pythium graminicola appeared on seedling root tips, inducing raj)id 
necrosis. Concurrently, Rhizoctonia solani often appeared on the mesocotyls, eventually 
causing decortication of the roots. Subsequently, such organisms as Gibber'clla sauhinetii, 
Melminthosporium sativum, or Penicillium oxalicum produced further necrotic lesions on 
the mesoeotyl and basal part of the roots. Still later, Fusarium moniliformc, Fusarium 
spp., Gibberella saubinetti (certain strains), Trichoderma Ugnorum and Monotospora sp. 
wore observed in root lesions. On host maturity, Diplodia zeac, Fusarium spp., etc., may 
develop extensively in roots and crown, leaving no evidence of the earlier prevalent organ¬ 
isms. 

A Comparison of Pathogenic Races of Fusarium bilbigenum var, niveum, Donald 
li. Hoffmaster. Wilt of watermelon, caused by Fusarium bilbigenum var, niveum, is 
prevalent in parts of West Virginia. A wilt of muskmelon in the same locality often is 
attributed to this fungus, but a survey has not revealed a Fusarium pathogenic to musk¬ 
melon. Inoculations wdth many different isolates of the watermelon pathogen have con- 
swtently failed to produce wilt on muskmelon. Cultures of the muskmelon wilt pathogen 
obtained from Minnesota have failed to wilt watermelon, wliile readily causing wilt of 
muskmelon. The two pathogenic races are culturally and morphologicaily alike. Sectors 
obtained from the two pathogenic races of the fungus showed wide variation in virulence 
but no change in host specificity. Sectors of several other wilt-producing Fusaria showed 
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similar variations in virulence, but no change in host preference. Pathogenic Fusaria 
probably originated from nonpathogenie soil Fusaria by dissociation; but no evidence 
was obtained to support the theory that the muskmclon pathogen originated from the water¬ 
melon pathogen in this manner. 

Relation of Color to Fungicidal Value of Insoluble Copper Compounds. James G. 
Hoespall and John W. Heuberoer. Previously, it was reported (Phytopath. 29; 303) 
that fungicidal value (ie. spore-killing capaiuty) of cuprous oxide increased as the wave 
length of reflected light shortened. Two years’ laboratory tests at Geneva, Now York, 
showed that a similar color relationship occurred among the so-called insoluble basic 
cupric fungicide powders, both pure and commercial. As the wave length decreased from 
5100 A (green) for basic sulphate and one oxychloride through 5000 A (greenish blue) 
for silicate, 4900 A (blue green) for zeolite, 4800 A blue for another oxychloride, to 4700 A 
(bluish purple) for oxobordo, the fungicidal value (no data on field xierformance) in¬ 
creased. It seems noteworthy that, irrespective of anion, a single curve fitted all points 
for fungicidal value and wave length. Although fillers complicate the procedure, in the 
few cases where sound data could be obtained, it appeared that the fungicidal value 
relationship is one of particle size, as in cujjrous oxide, i.e., the shorter the wave length 
the smaller the particle. It seems significant that the cuprous oxide curve did not coincide 
with that for the cupric materials. This indicates that the cuprous oxides were more 
fungicidal than would be indicated by their wave lengths. 

Bleeding Canker of Maple, F. L. Howard and N. Caroselli. This disease is pre¬ 
valent in several sfiecies of maple in home grounds, parkways, and nurseries in Khode 
Island. Kepeatod subjection to Koch’s postulates has proved the ])athogen to be 
Phytophihora cactorum (identified by C. M. Tucker). The characteristic symptom is a 
n'ddish ooze from small fissures in cankers of the trunk and the scaffold branches. Tn- 
foctod inner bark, cambium, and sapwood develop a reddish brown necrotic lesion, which 
often exhibits an olive green margin. The fungus produces a toxic substance, which 
causes willing of leaves and dndiack of branches as secondary symptoms. Since the 
systemic nature of the infection indicates possible control by internal medication, a simple 
injection technique has been developed. A di-nitro-cresol compound has given promising 
results in laboratory and field trials, since it does not injure the healthy tissues of the tree 
and {lets as an antitoxin and a pathogiui-inhibiting agent. 

Peaeh-mosaw Virus Strain Studies. Lee M. Hutchins and L. C. Cochran. In 
commercial J. II. Hale peach orchards in southern California, in which all of the trees are 
affected with peach mosaic, some trees, known to have been affected for 5 years, have not 
developed the severe symptoms expected on the J. H, Hale variety. Orchard surveys tend 
to show a shock effect after initial infection, followed by partial recovery, but not suf¬ 
ficient to account for individual tree differences. When mildly affected trees are budded 
with buds from severely affected neighbor trees, they dtwcdop severe mosaic symptoms; 
severely affected trees, conversely treated, remain si'verely affected. Groups of 10 J. H. 
Hale peach nursery trees were budded from mosaic-affected orchard peach trees show¬ 
ing, respectively, mild, medium, and severe symptoms. Within each group, all inoculated 
trees developed almost identical symptoms, and the latter corresponded in most cases wdth 
the degree of severity of symptoms in the orchard-tree source. Certain severely mosaic- 
affected orchard ])eMch trees produced ax>parently normal sportlike shoots. Among several 
shoots thus observed, some have later become severely affected; others, after 3 years, still 
appear normal. Buds from the nonmottled shoots, grafted in peach nursery trees, trans¬ 
mitted mild mosaic, wlu'reas those from severely mottled shoots transmitted severe mosaic, 
strains of the pc^ach-mosaic virus appear to bo demonstrated. 

A Bulb Disease of Lilic.s Caused by Fusarium spp. E. P. Imle. A heretofore un¬ 
reported bulb rot of certain species in the genus Lihum particularly L. candidum and 
L. testaceum, has been under observation and study for the past 3 summers. Isolations 
from more than 100 diffiuent bulbs from widely separated parts of the United States and 
from Canada, Holland, and Franco have consistently yielded strains of Fusarium. Some 
cases of imported French candidum lilies showed from 20 to 3fi per cent diseased bulbs 
in Septemb(*r, 1938. Imported stocks examined in 3939 revealed only 4 per cent dis¬ 
eased bulbs. Inoculation of wrounded seedlings, bulblcts, and larger bulbs have repro¬ 
duced the disease symptoms but sonic evidence indicates that wounds are not necessary 
for infection. Symptoms may develop after the bulbs are in storage or transit. The 
fungus usually is confined to the base of the scales, severing them from the basal-plate 
portion of the bulb. Plant symptoms consist of a yellowing or purpling and premature 
dying of the basal leaves. Flowering stems, when produced at all, are stunted and in¬ 
ferior. Diseased bulbs, when not destroyed outright, tend to split up and become 
smaller. Partial control by disinfection of diseased dormant bulbs has been obtained 
by a 30 min. treatment with 1; 50 formaldehyde. 
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Elsinoc and Sphaceloma Species in the United States^ Puerto Bico, and Guam, Anna 
E. JENKINS AND A. A. Bitancourt. A ncw species of Elsinoe on the ruhiacoous host, 
Bandia, from Puerto Bico, is described and the discovery and identification of Sphaceloma 
batatas on Jpomooa batatas from Guam (1937) is reported. Including those 2 species 
and S, hjypae and Sphaceloma on Plantago rugelii recently discovered in Indiana, 18 de¬ 
scribed species of Elsinoc or Sphaceloma are now known in the United States, Puerto Bico, 
and Guam. Their host plants represent 17 families ranging from the Juglandaceae to the 
Compositae. The number of Elsinoc or Sphaceloma species known in continental United 
States has more than quadrupled in the last 10 years, whereas the world list has increased 
at least tenfold, Urn species now numbering as many as a hundred. The largest number 
of new species from any one country has beem discovered in Brazil. Of the 18 species now 
known to occur in the United States, Puerto Bico, and Guam, practically half had become 
established as early as 1869-1893, and 3 and possibly 4 betw^een 1911 and 1926. Five 
others are without record before 1930. Eepresentative specimens constitute Fascicle II 
of ‘ ^ Myriangiales Select! Exsiccati, ’ ’ of which Fascicle I represents the species known in 
South America up to January 1936. 

Bacterial Leaf Diseases in Tobacco Beils in Belation to Field Infection. E. M. 
Johnson and W. B. Valleau. In a 1937-1939 survey in western Kentucky, of 533 beds 
receiving Bordeaux twice, only 2 had wildfire and 2 angular leaf spot. Infections ap¬ 
peared in these beds 3 days after treatment and probably were present when treated. 
In this area wildfire was present in 278 and angular leaf sj>ot in 266 of 777 nontreated 
beds. Tobacco, set from infected beds, develops infection soon after setting and the 
diseases become destructive sooner than in fields from disease-free beds. In 1939, 47 
fields set from beds, 29 of which had wildfire, 13 of which had both wildfire and angular 
leaf spot, and 13 of which had angular leaf spot, develo])cd 2 to 6 weeks after setting, 
1 to 100 per cent wildfire infection and 1 to 76 per cent angular-leaf-spot infection. 
Despite low rainfall in the last half of the growing season, the damage in fields from 
those beds was 1 to 50 per cent. No damage occurred in 100 fields set from Bordeaux- 
treated beds, and infection was rare. Bordeaux gave similar results in 1936-1937. In 
1938, a rainy season, Bordeaux delayed injury until a few days before cutting time, and 
some satisfactory crops were harvested. 

A Bvf Smut of Fall Panicum. H. W. Johnson, H. A. Bodenhiser and C. L. 
Lefebvre. In an experiment made at Arlington, Virginia, in 1938, to determine the 
effect of incubation period temperature on the pathogenicity of Sorosporiiun syntherismae 
on Panicum dichotomiflorum, 70.9, 72.5, 53.3, and 22.2 ])er cent smutted plants developed 
following 26 days’ incubation of chlamydospore-dusted seed at tetnperatur<‘s of 5, 10, 
15, and 20° C., respectively. One smutted plant in this experiment was observed to 
have buff sori composed of hyaline, smooth-wall chlamydospores, while the other 307 
smutted plants all had tlie common black sori composed of brown, echinuhjte-wall 
chlamydospores. Inoculations made in 1939 with chlamydospores of the buff-type smut 
resulted in 68 smutted plants, all of which produced only buff sori. Parallel inoculations 
with chlamydospores of the dark-type smut resulted in 240 smutted plants, all of which 
produced only black sori. Single chlamydospore cultures of the two types of smut were 
established and the ojitimum temperature for tbe growth of each typo on potato-dextrose 
agar was approximately 20° C. The cultures of the buff smut were mycelial and made 
greater radial growth than did cultures of the black smut, which were of the sporidial 
type. It appears that the buff smut is a result of mutation in Sorosporivm sif7ithensmae 
and that the change may involve several genetic factors. 

Inoculation of Bean with Extracts from Other Healthy Legume Species. James 
Johnson. Juice extracted from 122 apparently healthy species (representing 50 genera) 
of the Leguminoseae was rubbed with carborundum into leaves of young healthy beans 
(Phaseolus vulgaris L. var. Stringiess Green Befugee). No species has consistently yielded 
a virus on the host ])lants used. Juice from single plants of one species, Lathyrns tingi- 
ianusy has been applied as inoculum more than 100 times to several bean jilants and has 
induced systemic symptoms in every instance. Serial transmission, however, failed; the 
properties of the agent are not characteristic of a virus. The response of the bean to 
the extract from the Tangier pea {L. tingitanus) is tentatively interpreted as an allergic 
reaction. Two seemingly new viruses have been obtained from inoculations with appar¬ 
ently healthy plants. One of these has been obtained several times and the other only once 
in several attempts. It is logical to assume that these viruses were seed-borne and that the 
host species are symptomless carriers. If some part of the protoplasm of one species 
should, however, find favorable conditions for growth in the cells of another, when properly 
introduced (viroplasm theory), it is believed that consistent results should not, necessarily, 
be expected from such transfers. 
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A Mare Virus Disease on Tobacco, James Johnson and Bobert W. Fulton. In 
1938 a 6-acre field of tobacco near Edgerton, Wisconsin, showed about 30 per cent of the 
plants infected with an apparently new ring-spot virus. Similar symptoms had not been 
seen in extensive field disease surveys in previous years, nor were they noted in other fields 
in 1938, and did not appear in the original field in 1939. Of the several ring-spot viruses 
described, the new virus resembles most closely tomato ring spot, as described by Imle 
and Samson. Because the chlorotic rings are usually broader than those of other known 
ring-spots, the virus is tentatively given the common name tobacco broad ring spot.'^ 
The virus has been transmitted to some species outside the Solanaceae, including cucumber 
and sunflower. It apparently is not transmitted by Mysus persicae. The thermal death 
point after 10 minuteja exposure is 52° C., the dilution end point is about 1 in 750, and 
the tolerance to aging in vitro, 36—48 hours at room temperature. Protective inoculation 
trials with ordinary tobacco ring spot showed no immunological reactions. Such rare 
occurrences of virus infection is of some interest in relation to the nature and origin of 
virus diseases. 

A Bud’transmissible Chlorosis of Prunus cerasus, G. W. Keitt and C. N. Clayton. 
A chlorotic disease of sour cherry, previously called ^‘physiological yellow leaf,has been 
transmitted by budding. A typically diseased tree shows chlorosis and abscission of the 
older loaves, usually beginning about 3 weeks after petal-fall. Length of twig growth 
does not seem markedly affected, but the spur system becomes progressively reduced. The 
trees become unprofitable, producing sparse crops of large fruits free fr(>m necrosis or 
bumpiness. In 3938, diseased buds were inserted in 24 healthy Montmorency trees in 3 
orchards. Twenty trees showed typical chlorosis in 1939; 4 were doubtful. Only 3 of 
the inserted buds produced shoots. Healthy buds were inserted in 8 diseased trees in 3 
orchards. Four grew into shoots, all of which showed the characteristic chlorotic leaves 
and defoliation. Fourteen control trees, in one of which healthy buds were inserted, 
showed no symptoms of the disease. Microscopic and cultural examination of diseased 
tissues revealed no causal fungus or bacterium. Orchard recordwS for 4 years show a steady 
increase in incidence of tho disease. The evidence indicates the disease is caused by a 
virus. Its further investigation and inquiry into its possible relations to previously de¬ 
scribed viral diseases arc in progress. 

Eradicant Fungicidal Treatments in Relation to Apple-Scab Control, G. W. Keitt, 
0. N. Clayton, and M. H. Langford. A small Wealthy orchard at Madison^ Wisconsin, 
w’as sprayed in October, 1938, wdth a copper-lime-arsenic mixture. A similar orchard 
nearby w%as not treated. Neither was sprayed in 3939. Counts indicated reduction in 
perithecia per unit area of overwintered leaf surface in the treated orchard, as compared 
with the nontreated, of 98 per cent; of current-season lesions per leaf. May 29^ 99 per 
cent; June 26, 96: of lesions per fruit, 8ept, 1, 98. Sixty-six per cent of the fruit of the 
nontreated orchard was scabbed, 4 per cent of the treated. The floor of a 6-acre McIntosh 
orchard at Sturgeon Bay was sprayed before bud-brenk with 1 per cent “Elgetol Extra, 
450 gal. per acre. A small orchard 0.3 mile away served as control. Counts indicated 
that, through tho critical jicriod until 3 weeks after petal-fall, the Elgetol treatment 
reduced by about 0.9 tho unusually severe epidemic. Heven lime-sulphur treatments in 
the orchard that received Elgetol and 8 in a similar one that did not gave, respectively, 1 
and 32 per cent scabbed fruit at harvest. Reduced summer-spray programs were more 
effective in the orchard that received Elgetol than in others that did not. 

Variation in the Germination of Chlamydospores of Vstilago zeae. M. F. Kern- 
KAMP AND M. A. Petty. Gennination of chlamydospores of Vstilago zeae w'as studied 
on agar drops on cover slips on van Tieghem cells, the environment being held constant. 
Extreme variations from the classical 4-cell promycclium were observed in the 14 crosses 
and collections studi(*d. Likewise, there w^ere variations in the number of promycelial 
cells giving rise to hyphal branches or sporidia, tho number of chlamydospores from 
which sporidia grew directly, the number of chlamydospores having promycelial cells on 
2 sides, and the number of promycelial colls producing neither sporidia nor hyphal 
braneh(‘s. The germination typo varies wdth tho cross or collection of smut. For example, 
the number of 4-cell promycolia varied from 11 per cent to 78 per cent in diff(‘rent crosses 
and collections. The differences between crosses and collections were much greater than 
differences within crosss and collections, and one type of germination usually predominated 
in each cross or collection. As the environment in wdiich tho spores w^ere germinated was 
held constant, differences probably are due to genetic differences between the crosses and 
collections. 

Physiologic Race Determination in Puocinia coronata avenae, C. IL Kingsolvsb 
AND IT. C. Murphy. A study was made of the reaction of 21 oat varieties to 81 single- 
pustule Isolates of Puccinia coronata avenae collected in 16 states in 1938. These varieties 
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were those used for ph^^siologic-race determination by Murphy in the United States and by 
Straib in Germany. Using Murphy13 varieties 19 races could be identified; with 
Straib 15 varieties 46 races; with the 21 varieti(>s 54 races. Twenty four isolates iden¬ 
tified as race 3 (Murphy) could bo divided into 38 races by their reaction on Straib 
varieties. Similarly, 28 isolates identified as race 6 (Mu^by) could be divided into 16 
races. Twelve isolates giving the same reaction on Straib’s varieties could be divided 
into two races by reaction on Murphy’s varieties and these were races 1 (3 isolates) and 6 
(9 isolates). Of the 19 races identified with Murphy’s varieties, 13 had been previously 
described and 6 were new. Races 1 and 6 in almost equal proportions comprised over 50 
per cent of the total number. Race 47, first identified by Waterhouse in Australia, was 
identified in 2 collections—its first report in the United States. Race 7, one of the most 
prevalent races in the past, was identified only twice. Cooperative investigation between 
U. S. llepartment of Agriculture and Iowa Agricultural Experiment KStation. 

jDhcascs of Citrus, L. J. Klotz. A hundred color photographs and brief descrip¬ 
tions of nutritional, virus, mechanical, and parasitic disorders. 

Studies on Phytophthora Htrophihora. L. J. Klotz. Optimum growth temperature 
is 26° C. Mature zoosporangia are produced in 4 to 5 hours on alfalfa-stem cultures in 
running, well-aerated water at 24° C, In both light and darkness, decrease in tempera¬ 
ture from any point between 10 and 29° C. induced swarming; an increase did not. At 
9, 15.5, and 19 °C. many zoospores (5 to 20 per low-power field) were motile after 10 
hours; but none after 24 hours; at 12.5° C. many (5 to 10) were motile after 24 hours; 
below 7° motility was lost in a few seconds and at 24° C., usually within an hour. At 
25° C. germ tubes developed to an average length of 450 p, after 24 hours in nonsterilized 
tap water, 550 p, in distilled water, and 816 p, in 1-1 o-l citron albedo sap; they penetrated 
lemon rind to a depth of 600 p in the same period. One ininnt(‘ at 44.4° C., two at 43.9° 
C., and five at 43.3° C. W(*re lethal to both zoospores and mycelium. They survived 9 days’ 
continuous freezing at - 0.5° C., but wore killed by I day at ~ 20° C, and 1 day at - 20.6° C. 
The fungus on alfalfa stems in hardware cloth buried in the field was not viable after 
24 hours at the 1-inch depth, tlie temperature attaining 36.4° C. in shade ami 43.9° C. in 
sun. After 12 days it was not recoA’crod from the 2-inch level, but was cultured from 
the 3- and 6-inch depths, teini)cratures reaching 44,4° C., 40.0° C., and 32.2° C., respec¬ 
tively, at the 3 levtds. In autoclaved soil, with 5 or 10 per cent moisture, it did not sur¬ 
vive 20 hours at 40° C. or 70 hours at 35° 0., but was recovered after 43 hours at 35° C. 
One part cuprion in 300,000 prevented germination; i-J-lOO Bordeaux x)rotected lemon 
fruits. 

Rapid Seed-corn Drying ChecTcs Seed Infection, Benjamin Koehler. Corn ears of 
several widely grown hybrids were hand-picked in the field in 1937 and 3938, when the 
grain moisture w^as about 30 per cent. The ears of each hybrid were divided at random 
into 3 lots of 320 ears each to determine the effect of different rates of drying on inter¬ 
nal seed infection. Chambers with temperature and humidity control were used in which 
the car corn was dried to 32 per cent grain moisture. One lot "wus dried at 106° F., 32 
per cent relative humidity, for 4 days; another lot at 70° F., 65 per cent redative humidity 
for 4 weeks; and the third lot at 70° F., and 86 per cent relative humidity for 3 months. 
Rapid drying avoided internal seed infection to a marked extent in these tests with 
selected ears of sound appearance. Total internal seed infection with the various fungi 
concerned was 5.1, 38.3, and 69.0 per cent, respectively, for the 3 different drying con¬ 
ditions. Fusarium moniliforme, Gihherella zeae, Nigrospora spp. and Penicilliinn spp. 
were all markedly increased by retarded drying. Ra])id drying, as now practiced by 
many hybrid seed corn producers, seems of some value in controlling disease. 

Seed Treatment for the Control of Bacierml Bean Blight. K. W. Kreitlow. Seed 
treatments for control of bacterial bean blight were tested in laboratory and field. Labo¬ 
ratory tests of diseased seed have given information on length of time seed can be 
treated without injury, as well as effectiveness of treatments in killing the disease organ¬ 
isms. On the basis of this information, 4 disinfectants have been used in treating 
several different lots of diseased seed prior to planting in the field. Six separate treat¬ 
ments and plantings were carried out at weekly intervals in the spring of 1939. The 
total average blight percentage in all checks for all plantings was 23.6 x>er cent, whereas 
the total average blight percentage of the 4 treatments for all x'lantings was less than 
0.20, Yields of from 2 to 7 times that of the checks wore obtained, and the quality of 
the beans was correspondingly higher in the treated plots. Periodic germination tests on 
treated bean seed kept in storage revealed no important decrease in germination during 
7 months. The following solutions were effective in controlling bean-blight bacteria 
without serious injury due to the seed coats slipping: (1) 1: 500 mercury bichloride in 
di-ethyl ether. (2) 1: 20,000 brilliant green in 50 per cent ethyl alcohol plus 3 per cent 
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acetic acid. (3) 1:500 mercury bichloride in 70 per cent ethyl alcohol plus 3 per 
cent acetic acid. (4) 3: 20,000 gentian violet in 50 per cent ethyl alcohol plus 3 per cent 
acetic acid. 

A Necrotic Virosie of Cahhage, R. H. Larson and J. C. Walker. A virosis of cab¬ 
bage associated with but distinct from mosaic has been obsc^rved at Madison, Wisconsin. 
The symptoms resemble those of black ring in the paucity of mottle and absence of vein 
clearing, together with the prex3ondernnce of systemic appearance of small necrotic rings 
or spots. Black or purple, irregular, necrotic, slightly sunken lesions occur on stems. 
This virosis is distinct from black ring in that it develops best at 22 to 2.5 degrees C. 
and is completely masked at 33° to 39°. The physical properties also differ from those 
of black ring and mosaic. The inactivation point is 50°, duration in vitro 24 hours at 
22°, and the dilution tolerance 3 to 500. It is transmitted readily by mechanical means 
and by the cabbage and peach aphids. It affects systemically all crucifers tested and 
also beet, chard, spinach, cucumber, zinnia, calendula, petunia, Ntcotiaria gliiiinoHa, N. 
rasticaf A. langsdorfii and N. repanda. Local lesions only are produced on inoculated 
leaves of tobacco. (University of Wisconsin and Division Fruit and Vegetable Crops 
and Diseases, Bureau of Plant Industry.) 

A New l*homo Viseatie of Permitial Delphinium. Thomas Laskaris. A hitherto 
unrecognized disease eaused by a s])ecies of Phoma has been frequently found in plant¬ 
ings of Delphinium in New York, New Jersey, and Connecticut. In the field the disease 
produces cankers, usually near the crown, causing one or more cracks in the stem, which 
may extend upward for a considerable distance. Pycnidia of the fungus can be found in 
the blackened tissue adjacent to the edges of these cracks and also on irregular black or 
brown necrotic areas along the stem. Another characteristic symptom is the blackening 
of tissue at the base of each leaf petiole on which areas pycnidia develop in abundance. 
On old steins r(‘ddish-brown masses of pycnidia may axipear near the top. The fungus 
has been isolated from the areas mentioned above and from crowns and roots of other 
naturally infected mature plants. Recently the fungus has been isolated from reddish- 
brown areas on leaves aud ])etiole8 of young seedlings in the greenhouse. Inoculations 
on greenhouse plants have been successful and there is no doulit as to the pathogenicity 
of th<' fungus. The importance* of this organism as a cause of crown rot of xiercnnial 
delphiiiiiim is being investigated. 

Fungi Associated wdh Srolylus multistriatus tn Regions where Ceratostomella ulmi 
Has not Been Found. J. G. Leaoii. A suri^ey has been made of the fungi associated 
with the smaller European elm-bark beetle in southwestern West Virginia where the 
Dutch elm disease has not b(‘en found. 'Phe following fungi appear consistently associ¬ 
ated with the insect, and they fruit abundantly in the brood galleries in a manner 
adapted to effective dissemination by emerging beetles: 1. a species of Graphium that 
forms coromia in tin* tunnels in a inaimer closely paralleling that of Ceratostomella ulmi; 
2. a white Pcnicillium that sporiilates in the egg galleries during larval development; 3. 
a sj)ecios of Fusarium that forms microconidia in OepUalosporium-like heads; 4. one or 
more species of ye,ast. These fungi are believed to play an important role in the 
economy of the insect by creating a microenviroiiment favorable for larval develo|)ment. 
The beetle is multiifiying rapidly in West Virginia in trees killed by phloem necrosis, and 
conditions exist that will be conducive to rapid spread of the Dutch elm disease if and 
when Ceratostomella ulmi gains access to the region. 

The Reniform Nematode as a Root Parasite. M. B. Linford, Juliette M. Oliveira 
AND Francis Yap. A nematode (description in press) that necessitates erection of a 
new genus of the Tylonchidae occurs on Oahu, Territory of Hawaii, as a mildly patho¬ 
genic parasite of roots. Over 60 known host species represent 29 families of plants. 
Injuries include minute cortical lesions and mild hyjiertrojihy in the stele. Larvae of 
typical eel worm shape develop in the soil, without feeding, into mature nonfeeding males 
and infective young females, both resembling larvae in size and shape. Females pene¬ 
trate iiitracellularly into the cortex of roots?, coming to rest with the feeding stylet in¬ 
serted into an endodermal cell. This cell and nearby pericycle parenchyma enlarge and 
become densely protoplasmic. The posterior part of the female, usually on the root 
surface, enlarges to become reniform, then eggs are laid in a gelatinous matrix, forming 
a mass that covers the reniform body and adheres to root and soil. In naturally infested 
soil, of a moisture content near the wilting percentage for plants, the reniform nema¬ 
todes exceeded 50 per cent survival during 36 weeks. In soil air-dried 33 weeks, with 
moisture dropping to of the wilting percentage, there was more than 5 per cent survival. 
This nematode appears less tolerant to freezing in soil than does the root-knot nematode. 

Myperauxing of Nodules of Red Kidney Bean, Soybean, and Garden Pea. G. K, K, 
Link and Virginia Egosrs. Using the Avend coleoptile test and peroxida-froe ether ex- 
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tracts of the test wiatorial, it was shown that the auxin content of nodules (1) of kidney 
bean is 3-10 times greater; (2) of soybean is 1.5 times greater; and (3) of garden pea is 
2*6 times greater, respectively, than that of the roots that bore them. The auxin contents 
of nodule-free root systems of these plants, when grown in sterile quartz with Shive's com¬ 
plete nutrient solution, were approximately the same as those of nodule-earing plants grown 
in garden soil. 

Dissemination of the New TorTc Asier-yellows Virus and Its Leaf'hopper Vector, 
Macrosteles dtvisus in Endive Beds, M. B. Linn. A study of the dissemination of the 
New York aster-, lettuce-, and endive-yellows virus has shown that the amount of yellows 
in certain endive beds is often considerable in plant rows immediately adjacent to border¬ 
ing weeds, gradually decreasing in amoimt towards the far sides or ends of the beds. 
Yellows-distribution curves, having as coordinates percentage of infection and distance in 
feet from sampling point to weed borders, are typically logarithmic. If the logarithm of 
the percentage of infection be plotted against the distance in feet, the resulting curves are 
straight lines. This suggests that vector and virus dispersion, as measured by the inci¬ 
dence of yellows, may bo expressed by constants that vary in value from one bed to an¬ 
other, and are conditioned by any factors influencing feeding and dispersion of the vector. 
Knowing the intercepts or points where the log curves intercept the coordinates, one may 
then postulate the highest percentage of infection that could be anticipated in the border¬ 
ing weeds, and the distance in feet from the weeds to that point in the endive beds, where 
the former were no longer factors in the distribution of yellows in these beds. 

The Epidemiology and Control of Hop Downy Mildew. Robert O. ^Magie. Under 
New York conditions, oospores of Pseudopvronospora humuU in the soil are the principal 
means of overwintering. Sporangia on detached leaves withstood drying for 27 days over 
calcium chloride or in the greenhouse at summer temperatures. Plants were sprayed with 
sporangial suspensions, placed in moist chambers at 10, 13, 18 and 24^^ C., then removed, 
and quickly dried after various time periods. Minimal period of wetting permitting infec¬ 
tion at the two higher temperatures was li hours and maximal infection occurred at 13® 
and 18® after 24-hour wetting periods. Removal of diseased shoots or application of cal¬ 
cium cyanamid to crowns retard(‘d secondary infection, but did not permit a reduction in 
spraying. Bordeaux and cuprous oxide were more effective than other fungicides tested. 
Bordeaux injured young leaves and stunted cones. The addition of i per cent cottonseed 
oil reduced these injuries. Bordeaux was outstanding in that rain drippings from sprayed 
leaves protected noiispraycd growth. Four biweekly applications, beginning the middle 
of June, of either Bordeaux 4^2-100 or cuprous oxide 1-100, wdth the oil, were very effec¬ 
tive if thoroughly applied. It is suggested that spraying may be delayed until infection 
reaches the foliage 5 feet above ground. 

A Comparison of Methods of Laboratory Slpraying for the Testing of Protective 
Fungicides. S. E. A. McCali4AN and Frank WiiiCOXON. The errors of testing fungicides 
in the laboratory arise from 2 major sources: biological, involving the fungus, and me¬ 
chanical, arising from application of the spray. A comparison w^as made of 3 basic prin¬ 
ciples of applying sprays: freehand spraying, spray chambers, and settling tow'ers. Uni¬ 
formity and reproducibility of spray deposit were determined by spraying with a dye solu¬ 
tion and measuring in a colorimeter. The coefficient of variation for spray deposits on 
reiflicate slides sprayed at (a) the same time, and (b) different times or days, was as 
follows: (1) freehand spraying with bulb atomizer, (a) 31.0 per cent, and (b) 98.7 per 
cent; (2) freehand siraying with controlled pressure and time -8.0 and 63.0 per cent; 
(3) spray chamber, fixed nozzle, controlled pressure, concentration varied by time of spray¬ 
ing -5.9 and 30.1 per cent; and (4) settling tower, controlled pressure and time, concen¬ 
tration varied by successive exposures -4,5 and 12.8 per cent. Method (1) is entirely un¬ 
satisfactory. The clii-square test applied to toxicity curves for 2 fungicides on the spores 
of 4 different fungi gave the following mean ehi-square/n values: method (2) 7.4, (3) 4.3, 
and (4) 2.6. A permanent stainless steel settling tower suitable for laboratory testing of 
sprays and dusts has been designed and constructed. 

Field Studies on Paradichlorohcnsene in the Control of Tobacco Downy Mildew, Ruth 
McLean and J. A. Pin(^kard. Previous investigations liave demonstrated the fungicidal 
value of paradichlorobenzene vapor to lie in its specific or eradicant action on the parasite 
without causing significant injury to the host. This important property of the fungicide 
allowed delayed seed-bed application of the vapor until infection liad occurred and the 
sporangia of downy mildew appeared on seedlings. Following appearance of the parasite, 
in a given seed bed of 100 sq. yd., 3 to 4 lb. of No. 6 size crystals were broadcast on the 
ordinary cotton cover at 6 p.m. A cotton fumigation cover having 64 warp and 64 woof 
per inch was drawn over the treated seed bed, where it remained 12 hours. On farm-oper- 
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atod seed beds, 3 nightly treatments of 12 hours each sufficed to eradicate the parasite when 
temperature was above 6 to 8® C. Single 12-hour treatments may suffice on warm nights, 
using wet or sealed fumigation covers. Treatments made nightly and on alternate nights 
with half the above amount of paradichlorobenzene w^ore effective. Damage to seedlings 
resulted from the vapor at temperatures encountered during attempted day treatments of 
shorter duration. Vapor concentrations in seed beds were determined quantitatively and 
correlated with fungicidal effectiveness. 

Adaptive Parasitism of Phytophihora infeslans. W. B. Mills. The virulence of 
Phytophihora mfestans has been increased by passage through a series of potato plants 
representing 3 different levels of resistance. Varieties entirely immune from the original 
cultures become completely susceptible to the virulent ones. Plants representing a fourth 
level of resistance are immune from all cultures. Increase of virulence occurs while the 
mycelium is gromng within the tissue ol the resistant plant but not when the fungus is 
propagated in susceptible hosts. Somatic fragments (swarmspores) of increased viru¬ 
lence are selected by applying them to foliage of greater and greater resistance. The 
virulence of the identical cultures used in the experiments with potato has been progres¬ 
sively increased for tomato by 7 successive passages through foliage of that host, at ^ich 
time the fungus produced a blight of tomato fully as severe as that caused by a culture 
taken from a naturally infected potato. Increase of virulence on tomato did not affect 
in any manner the virulence for potato. The converse also proved to be true. Once in¬ 
creased, virulence of cultures could not be reduced by long periods of growth on tubers 
and foliage of low resistance. 

Auxin Production hy Vsiilago zeae Grown on a Medium Free of Tryptophane, J. E. 
Moultok and G. K. K. Link. Vsiilago zeae was grown on Banker ^s synthetic nutrient 
solution in wdiich dextrose is the source of carbon and the only organic substance present. 
The organism was grown on this medium for 8 weeks. Ether extracts were made from 
the fungus mat and the supporting medium, using the extractor and methods employed by 
Link, Wilcox, and Eggers (Phytopathology 28: 15, 1938). The extracts were applied to 
A vena coleoptiles and were found high in auxins. Those results indicate that Ustilago 
zrae is capable of producing auxins when grown in a synthetic medium devoid of peptone 
or other sources of tryptoj)hane. Work is under way on the relationship of auxins and 
gall production by strains of U. scae. 

Effect of the 1938 Crown-rust Epiphyioiic on Yield, Bushel Weight, and Lodging of 
Oats in Iowa. H. C. Mi'RPHY, L. C. Burnett and C. 11. Kingsolvkr. A statistical study 
was made of the effect of the severe 1938 erowu*riist epiphytotic on the yiedd, bushel 
w^tiight, and lodging of 442 varieties and selections of oats grown in replicated yield tests 
at Ames and Kanawha, Iowa. Coefficient of infection (a product of percentage and type 
of infection) was more highly negatively correlated with yield and bushel weight than 
either percentage or type of infection. The 442 selections, mostly of hybrid origin and 
varying in reaction to crown rust from near immunity to complete susceptibility, were 
grouped according to their coefficients of infection. Their average yields ranged from 
24.9 bushels per acre for those with 91-100 coefficient to 79.7 for those with 0 rust. The 
correlation between yield and coefficient of crown-rust infection was - 0.8. For each unit 
increase in coefficient of rust, yield was decreased 0.31 bushels per acre at Ames and 0.27 
at Kanawha. Bushel weight showed a similar high negative correlation with rust infec¬ 
tion. Lodging was increased by increase either in yield or crown-rust infection, or both; 
and, since yield and rust were negativ(‘ly correlated, the effect of lodging (caused by rust) 
on yield tended to be nullified. (Cooperative investigation between TJ. S. Department of 
Agriculture and Iowa Agricultural Experiment Station.) 

Progress in Onion-smut Control hy Seed Treatment, A. G. Newiiall. Although 
the liquid*formaldehyde-drip method of controlling onion smut on muckland is usually 
effective in reducing the disease to less than 5 per cent, weight of the solution adds much 
to the labor of sowing. In the past 5 years formaldehyde dusts, used in a similar manner, 
have proved neither so effective nor so economical in money or labor. More promising 
results have been secured recently by employing organic fungicidal dusts in seed treatment. 
Slow, gradual rele’ase of the fungicide is considered an important element in their success. 
The first to be tested, Brassicol or Brassisan (20 per cent pentacblor-nitro benzene) was 
too toxic to onion seedlings, although it controlled smut fairly well. Two other organic 
compounds have given good smut control with sufficiently unimportant seed injury to war¬ 
rant field trials on a larger scale. Mean percentages of smut on seedlings in 3 fields in 
1939 were checks 32 per cent, liquid formaldehyde 3.9 per cent, DuBay dust 120IT (50 per 
cent tetramethylthiuram disulfide) 2.49 per cent, DuBay dust 1242CO (50 per cent ferric 
dimethyldithiocarbamate) 2.51 per cent. Dust needed per pound of seed (1:1) requires 
a sticker, such as soluble cottonseed oil or rosin-lime-sulphur for best results. 
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Onion Bloat or Belworm Bot Caused hy the Nematode Ditylenohus dipsaoi, A. G. 
Newhall and B. G. Chitwood. A second outbreak of the bulb or stem nematode was 
discovered on the inucklands of New York State in the summer of 1939. The fact that 
this disease is not recorded for any other State is very likely due to failure to recognize it. 
General held symptoms may bo taken for lightning injury, but their recurrence in the same 
location is an important difference. Seedling symptoms include a twisting of the cotyle¬ 
don on emergence, a white discoloration, enlarged areas and later a broken epidermis on 
the first leaf. Symptoms on half-grown onions raised from sets ineliido stunting, pros¬ 
trate outer leaves, die-back symptoms above ground, and, late in the season, a softening 
of the outer scales. An incrc.Msed number of sjdits and doubles often occurs, as well as 
many secondary rots. On a mature bulb the diagnostic symptom is a soft white mealiness 
of the inner surface of the outermost scale or two, in which location the nematode usually 
can be found in abundance. The pathogen also is often present in stem and leaf tissue 
of growing onions late in August. Infested bulbs are not characterized by excess mois¬ 
ture or disagreeable odor. Parenchyma continues to break down in storage. The puffy 
soft condition of the second scale has suggested the term ^njloat.^’ 

Studies on the Fungicidal Properties of Silver, L. W. Nielsen. Freshly ijrccipi- 
tated silver arsenate, arseiiite, carbonate, chloride, chromate, cyanide, dichromate, phos¬ 
phate, nitrate, sulphate, colloidal silver, and 3 silver-soap mixtures were found to be 
strongly fungicidal to Atternaria sohini when tested on excised potato leaves. Silver 
bromide, ferrocyanide, iodide, sulphide, thiocyanate, thiosulphate, and nucleinate were 
only weakly fungicidal. Under greenhouse conditions silver-lauryl sulphate and -oloyl 
sulphate precipitates and precipitated silver oxide with silver concentrations of 12.5 p.p.m. 
controlled late blight infection on potted potato plants, as well as 4-4-50 Bordeaux mix¬ 
ture. During the past summer silver-lauryl sulphate and -oleyl sulphate })recipitate8, silver 
dichromate, arsenate, cyanide, oxide, chloride, and colloidal silver were tested under field 
conditions. The protection given potatoes against late blight by silver chloride and silver- 
lauryl sulphate precipitate was inferior to that given by Bordeaux mixture, as was apple 
scab control >\ith silver oxide, dichromate, and sUver-lauryl sulphate preci]>itate. Labora¬ 
tory studies have shown that the silver spiays tested adhere very poorly. Various organic 
and inorganic materials are being added to or combined with silver in an effort to increase 
its adhesiveness and still retain its toxicity. Sprays containing silver and sodium lauryl 
sulphate or sodium olcyl sulphate have injured in some cases. 

The Character of Supplements and Then Effect on the Performance of Copper Fungi' 
cides, A. A. Nikitin. An attempt was made to correlate tlic effect of supplements on 
the solubility and degree of adherence of copper fungicides. These studies were relative 
to the performance of copper fungicides when used in combination with supph'ments, both 
in the laboratory and in the field. The results secured on the study of the physical, chemi¬ 
cal and toxic properties of copper fungicides definitely showed that the adclition of supple¬ 
ments may greatly change the i)cr forma nee of copper fungicides. The prime function of 
supplements is to improve the physical properties of the copper fungicides, such as adher¬ 
ence and spreading. However, in performing this function, tliey should be chtunically 
unreactive with the copper fungicides. It is essential that the supplements should be of 
such a character that they do not readily undergo oxidation, reduction or hydrolysis, on 
exposure to atmospheric action. In tliis respect, they sliould not change the solubility of 
the copper fungicide. It has been found that among the materials commonly available on 
the farm soya flour, wheat flour, casein, and corn oil make suitable supplements. Skimmed 
sweet milk improves the adherence and spreading properties of copper fungicides, and, in 
addition, insures a very good linishing of the fruit, 

Bradicant Treatments as an Aid in the Control of Apple Scab, I). II. Palmiter. 
The value of oradieant treatments in reducing the primary inoculum of Venturia inacqua' 
Its was tested in 2 isolated McIntosh orchards on the same farm. One block of 55 trees 
received a thorough ground application of Elgetol (i per cent). Most of the second 
orchard received an application of a nitrate-arsenite solution (NaNO» 100 lb., CaAsOj 
4 lb., water 100 gallons), but one end was left untreated. These materials were applied 
at the green-tip stage with a spray gun and suffichmt pressure to kick up the clumps of 
old leaves and force the chemicals to the lower layers. The ground was sprayed from 2 
directions with a total of 5U0 gal. per acre. Scabbed fruit on nonsprayed trees of the 2 
treated plots and the nontreated plot was 2.7, 3.4, and 72.0 per cent, respectively. Trees 
receiving only the calyx and 10-day sprays (flotation sulphur paste 6-100) had 2.0, 3.1 
and 43.1 per cent infection, respectively; while those receiving 4 sprays had 0.2, 0.8 and 
1.7 per cent infection, respectively. From these and previous years > data it is concluded 
that such eradieant treatments can reduce a potentially heavy ascosporic inoculum to such 
low levels that mild fungicides may be used with comparative safety. 
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The Soil Bot, or of Sweet Potato. L. H. Person. Two types of symp¬ 

toms have been reeognizod in Louisiana as an accompaniment of the disease or disease 
complex of sweet potatoes known as soil rot, pox, or pit. These are: (1) the symptoms 
first given by lialsted and charactoristic of a widely distributed disease; (2) the symp¬ 
toms of the very serious disease that has been spreading in Louisiana during the past 5 
yofirs. Prom potatoes affected with the latter, or the Louisiana disease, there has been 
isolated an Actinomyces capable of reproducing the disease. This organism is apparently 
new and will be described as Actinomyces ipomoea, n. sp. The place in the complex of 
those potatoes showing the symptoms first described by lialsted is not yet clear. 

A Laboratory Method for Deiermming the Fungicidal Value of Vapors and its Appli- 
cation to Paradichlorohenzene in the Control of Tobacco Downy Mildew. J, A. Pinckard 
ANI) Ruth McLean. Atmospheric concentrations of paradichlorobcnzcno vapor, fungi¬ 
cidal to downy mildew infected tobacco seedlings growing in jars, were studied by a simide 
semi automatic, air saturation method. Known concentrations of the fungicide, approxi¬ 
mating a ijrecision of 3 parts per 1,000, W'ere delivered to test plants continuously or in¬ 
termittently as rt^quired. The sporangial cycle of the parasite being 6 days, vapor treat¬ 
ments of infected stiedlings ware, not begun until the 3rd day after inoculation. Harmless 
prevention of s]>orangial formation was correlated with vapor concentrations for single 
12 hour treatments, and for alternate 12-hour treatments. With repeated alternate treat- 
mcuits, concentrations as low as saturation at 0® C. (0.01 volume per cent) were fungicidal. 
Single 12-hour treatments were fungicidal if concentrations equal to saturation above 7^ 
C. (0.02 volume per cent) were applied. Concentrations at 13° C., or above, (0.04 volume 
per cent) wore injurious to plants after 12 hours. Paradichlorobenzene vapor causes 
changes in parasite or host, or both, resulting in destruction, or i>rcvcntion, of parasitism 
without causing significant harm to the host. To bo fungicidal the vapor must be soluble 
in the cell plasma. Since those solutions obey the gas laws approximately, atmospheric 
coTJcontrations arc, at best, merely indicative of the important tissue concentrations. 

Phytophthora Distas/' of Maples. P. P. Pirone. During 1938 and 1939 hundreds of 
mapl(‘s, (^specially Acer plaianoides^ have died throughout New Jersey, An early symp¬ 
tom of the disease is a thin crowm resulting from a decrease in the number and size of the 
l(*av(‘s, Tr(‘os die within a year or two following this period of weak vegetative growth. 
The prosonce of cankers at the base of the trunk near the soil line is the most striking 
symiitom. The inn(*r bark, cambium, and often the sapwood are reddish brown in the 
cankered area. Death occurs when the cankers completely girdle. Isolations from c;ink- 
ered and discolored areas yielded a fungus identified by C. M. Tucker, University of Mis¬ 
souri, as belonging to the Phytophthora cambivora group. Pathogenicity of this fungus 
has been established; it produced typical symptoms on at least 12 artificially inoculated 
trees; in all cases it Avas successfully reisolatcd. Infection resulted only when trees were 
wounded just before the inocuhnn Avas ap])lied; no infection occurred when the fungus 
was applied to unAvounded maple bark. Wound inoculations of young rhododendrons 
resulted in symptoms typical of the disease induced on it by P. cambivora. Application 
of the Phytophthora in wounds on Cornus florida did not produce infection. 

Brown Scale Disease of Easier Lily. A, G. Plakidas. During the last few years 
the broAvii-scale disease, a serious trouble of the Easter lily, also known locally as “brown 
bulb“ or “black bulb,“ has become increasingly AA^orse in the lily-growing district of 
Louisiana. The disease—apparently soil-borne —ib characterized by a brown discoloration, 
mainly of the outer scales, although smaller brown spots may be scattered locally on the 
inner scales. When the bulbs are first dug, the broAvn areas are more or less superficial, 
the injury to the tissue rarely extending deeper than about 1 to | mm. Later, in storage, 
the affected scales shrivel, dry up, and turn dark browm to bla<'k and the bulbs become 
unmarketable. Repeated platings from affected tissue yielded mainly 3 fungi, PcniciU 
Hum Bp. (probably P. cyclopium), Fusartum spp., and one Avhich has been tentatively 
identified as Vcrmicularia sp. Typical symptoms have been produced on healthy bulbs 
planted in sterilized soil inoculated with the last named fungus, either alone or in com¬ 
bination Avith the Pcnicillmm or the Fusarium, or both. As neither the Fusarivm nor the 
Pcnicilliumf alone or togt^ther, produced infection, the Vcrmicularia appears to be the 
cause of the brown-scale disease. 

Effect of Some Mineral Nutrients 07i Development of Clubroot (Plasmodiophora 
brassicae). Dean E. Pryor. Several resistant and susceptible crucifer varieties were 
grown in sand artificially infested with Plasmodiophora brassicae. Sulphur, nitrogen, 
and potassium were varied in different experiments so as to produce: (a) plants showing 
deficiency symptoms, (b) plants growing normally, and (c) plants having pronounced 
vegetative vigor resulting from an extra supply of nitrogen or potassium. In comparison 
with the “ complete “ solution, the number of club-bearing susceptible plants was, in 
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general, increased slightly by an abundance of potassium, more by an abundance of nitro¬ 
gen, and most by the absence of sulphur or nitrogen; it was decreased markedly by 
insufficient potassium. The number of resistant club-bearing plants was increased some¬ 
what by high nitrogen, more by sulphur or nitrogen deficiency, and decreased by insuffi¬ 
cient potassium. An abundance of potassium was not conclusive in its effect. On some 
otherwise healthy plants, a small gall, 1 or 2 mm. in diameter, appeared usually but not 
always at the base of a branch root. Fewer susceptible plants deficient in sulphur or 
nitrogen had galls. The number of resistant plants with galls was increased by the 
absence of sulphur or by high nitrogen and was decreased by high or low potassium. The 
behavior of the other nutrition series with respect to these overgrowths was not conclusive. 

Control of Seech and Soil-borne Diseases of the Potato, Charles S. Reddy and 
G, H. Davis. Five potato varieties were used in an experiment to reduce virus diseases 
in potato seed lots to a minimum by repeated greenhouse indexing and increasing in iso¬ 
lated plots. These stocks were indexed each spring and grown on mineral soils in North 
Central Jowa. The percentage of virus-infected tubers decreased annually for 4 consecu¬ 
tive years (fiO to 24 per cent), but increased the fifth to 45 per cent. The percentages 
of infected tubers for the 5-year period were 59.3, 31.5, 28.7, 24.0, and 44.7. No new 
seed stock was added during this period. However, 2 virus diseases, witches ^-broom and 
calico mosaic, not present in the original stock, appeared the third year. It was con¬ 
cluded that, under Iowa conditions, the production of virus-free seed potatoes by green¬ 
house indexing is impractical. Efforts to find a better potato seed-piece treatment to 
control scab and Rhizoctonia have given data on yields when these diseases are largely 
controlled and on the fungicidal efficiency of different chemicals. It was found that the 
time requirement for treatment was influenced by surface tension of the liquid and that 
duration of treatment could be controlled by double dips, the second dip changing the 
nature of the fungicide. Data were obtained on the use of dust fungicides as potato* 
seed-stock treatments. 

White Pine Selected in Blister-rust Areas, A, J. Hiker and T. F. Kouba. The 
invasion of unprotected Wisconsin areas by Cronariium ribicola has caused the ch'uth of 
most small white pine trees. Perhaps 1 out of 300 to 500 trees, however, survived several 
years in the midst of abundant natural inoculum and was apparently free from blistt‘r- 
rust infection. This circumstance suggested a search for young cone-bearing trees, with¬ 
out evidence of disease, in areas where rust had been severe for years. A number were 
found, and 163 such trees in four Wisconsin areas were selected during the falls of 1938 
and 1939. These trees had survived natural inoculation for 35 to 20 years without any 
apparent cankers. Recent surveys showed approximately 10,000 to 60,000 feet of Ribes 
live stem per acre. It seems reasonable that some of these trees may be rust-resistant. 
Cones were collected in 3938 and 1939, and the seed from each tree was planted in sepa¬ 
rate rows in the nursery. Likewise, veneer grafts with scions from 40 parent tret^s were 
successfully made in the spring of 1939 and are now growing. When the seedling trees 
are old enough, it is planned to subject them and also grafts from the parents to arti¬ 
ficial, as well as natural, inoculation. 

Studies on Environmental Factors Affecting Infection and the Development of Bunt 
in Wheat, H. A. Rodenhiser and J. W. Taylor. Differences in percentages of bunt 
infection were obtained when wheat seedlings were grown in Ilempsted silt loam from 
St. Paul, Minn., and in Mendon loam from Logan, Utah. Differences in effect were con¬ 
tingent, however, on incubation-period temperature, the effect of soil type being marked 
at 5® C. and not at 10° and 15°. Steam sterilization of Mendon loam effected uniform 
reduction in percentages of infection in Marquis wheat at each of these 3 incubation 
temperatures. Steam sterilization of Hempsted silt loam caused marked effect at 2 of 
the 3 incubation temperatures. At 5° it increased infection 63.7 per cent; at 10° there 
was no significant difference; and at 15° it decreased infection 58 per cent. Increases 
in infection were obtained with diseases in soil acidity from pll 4.8 to a point approach¬ 
ing neutrality. The most marked effect on infection was from pH 4.8 to 5.5. Increased 
bunt was obtained in Hope and Marquis with increased day length. Hope plants, ex¬ 
posed to light for 24, 10-13, and 8 hours daily, developed 64.3, 17.5, and 0.8 per cent of 
smut, respectively. The corresponding percentages for Marquis were 32.7, 17.8, and 1.9, 

Properties and Purification of Alfalfa-mosaic Virus, A. Frank Robs and W. M. 
Stanley. Tobacco plants inoculated with alfalfa-mosaic virus show a rapid increase in 
the virus activity of their extracted juices until about the 10th day following inoculation. 
Subsequently, they show a sharp decline until the activity is Jess than one-tenth of the 
maximum reached. The virus is partially inactivated by freezing whole plants in a cold 
room held at -14° C. and to a lesser extent by rapid freezing with solid carbon dioxide. 
The extracted juice may be frozen by the latter method without markedly affecting virus 
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activity. The virus is inactivated less rapidly at 4® C. than at room temperature and 
apparently is unaffected by certain reducing systems. It is most stable between pH 6 
and 7. When juice from diseased plants is centrifuged for li hours at 4® 0. in a field 
of approximately 60,000 times gravity, the supernatant liquid is essentially free* of virus 
and most of the activity can be recovered by dissolving the pellets. Purified preparations 
containing protein, phosphorus, and carbohydrate have been obtained by means of differ¬ 
ential centrifugation. 

FhyMological Specialisation in Cereospora orysae. T. C. Eyker. Cercospora leaf 
spot is the most serious disease of Blue Rose rice, the variety normally comprising about 
75 per cent of the Louisiana acreage. Resistant varieties have appeared to be the most 
logical means of control. Several disease-free plants were collected in a heavily-diseased 
field of Blue Rose in 1936. Prom these a selection, 2854-3, was obtained that was resis¬ 
tant to Cercospora and at the same time indistinguishable from Blue Rose in type. How¬ 
ever, in certain artificial inoculations made in 1939, this variety was completely suscepti¬ 
ble, suggesting the possibility of more than one pathogenic race of the fungus. To test 
this, 4 varieties. Blue Rose, Fortuna, 2854-3, and Caloro were inoculated with 20 cultures 
of the fungus. At least three distinct groups were identified: group 1, to which Blue 
Bose was susceptible and the other 3 varieties resistant; group 2, to which 2854-3 was 
susceptible, Blue Rose moderately susceptible, and Caloro and Fortuna resistant; group 3, 
to which Blue Rose and Caloro were susceptible and 2854-3 and Fortuna resistant. Field 
observation suggests the occurrence of still additional forms. However, certain of the 
resistant varieties appear to be resistant to all strains of the fungus. 

Seed Transmission of Tomato Mosaic, R. W, Samson. Commercial importance of 
seed transmission of tomato mosaic, was suspected when 170 acres, contracted by one 
Indiana, canning company for the production of tomato pulp and seed, was found to be 
100 per cent infected with this disease. The acreage had been set wdth transplants grown 
from seed of mosaic-infected plants. The transplants were started in a greenhouse, 
transplanted to coldframes, and subsequently transplanted to the fields. Mosaic virus on 
seed saved from this acreage was demonstrated by rubbing water extracts of numerous 
samples onto loaves of Early Golden Cluster bean and .Timson weed. Brown, n<*crotic 
si)()ts, identical with spots produced with diluted juice of tomato plants infected with 
mosaic virus, collected from plants in the canning acreage in question, developed on the 
rubbed leaves. Ho mosaic symptoms appeared on 10,000 seedlings grown to the 5th leaf 
stage from this seed. Seed transmission apparently did not occur. Several hundred 
acres, set with transplants from mosaic-infested seed from other sources and grown in 
greenhouses and coldframes, were found to have a high percentage of mosaic. Elimina¬ 
tion of one or both of the usual transplanting o])eration8 appears to control the tomato 
mosaic commonly occurring in Indiana, as shown by the fact that several thousand acres 
of canning tomatoes, set with field-growm transplants or seeded directly, were found 
virtually mosaic-free, even though the seed came from mosaic-diseased plants. 

Cvltnral Variation and Physiologic Specialization of Actinomyces scabies, Law» 
KENCE A. IScHAAL.i Isolations of Actinomyces .scabies were made from potato tubers 
from different geographic areas. Several cultural types often were obtained from indi¬ 
vidual pustules. Comparative studies of a large number of isolates grown on several 
nutrient media proved the existence of cultural raC/Cs that differ in rate and type of 
growth, zonation, amount and color of pigmentation in the media, and in their tendency 
to sector. By inoculating differential varieties of potatoes many distinct parasitic races 
were recognized. Actinomyces scabies is unstable. Monosporous lines from certain cub 
tures produced numerous sectors on potato-dextrose agar. Some of these variants con¬ 
tinued to sector, yielding a variety of distinctly different cultural types. No line was 
completely stable, although a few lines produced only a single variant. It is possible 
that new parasitic races may arise from variants produced either in the soil or on the 
tubers. The existence of numerous parasitic races and the production of variants should 
be taken into consideration in breeding for resistance to scab. 

Growth Stimulation of Diplodia zeae. G. Semeniuk. On Czapek-Box liquid 
medium, plain agar, and glucose agar, Diplodia zeae makes slow growth, while with addi¬ 
tions of small amounts of water extracts of organic materials such as potato, carrot, 
cornmeal, oatmeal and pith of mature corn stalks, marked increases in growth rate fol¬ 
lows. Stimulating properties were found in the aqueous solution of spore suspensions 
used for seeding purposes, which were obtained from cultures growing on whole-oat- 
extract agar. Such stimulating properties were not possessed by the liquid filtrates of 

1 Associate Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, U. 8. Dept, of Agriculture, in cooperation with the Minnesota Agri¬ 
cultural Experiment Station, 
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31- or 36-day'Old D, seae cultures initially containing organic extracts or different nitro¬ 
gen sources. Vitamin in amounts from 0.01 to 50 gamma per 25 cc. of liquid medium, 
had no effect, while white and yellow cornmoal were equally effective. The addition of 
these stimulating water extracts to the solid media increased pycnidial formation. My¬ 
celial yields on Czapek-Dox medium with different inorganic nitrogen sources were 
greater in the presence of carrot decoction than in its absence. No marked effect was 
observed with bacto-peptone. The greatest stimulation occurred with thiourea, NaNO*, 
and Ca(NO.{)a. The Nn 4 radical appears to be a readier source of nitrogen than the 
NOa radical. 

Seedling Infection of Maisc hy Diplodta eeac in Steamed and Nonsteamed Soil, 
G. Semeniuk. Equal amounts of IHplodia scae inoculum were introduced into steamed 
and nonsteamed soil. The severity of corn seedling infection produced was from 10 to 50 
per cent lower in the nonsteamed soil. Similar marked differences were obtained with 
field soil and compost, whereas only small differences existed between steamed and non¬ 
steamed sand. Naturally infected seed was as severely diseased in nonsteamed as in 
steamed soil. In steamed soil containing inoculum, death of seedlings occurred at tem¬ 
perature intervals of 16—18, 20, 24—26, and 29—30® C. when the i)lantH had attained a 
height of 2.0-6.0 cm. In nonsteamed soil containing iiiocLilum, the seedlings approached 
the height of plants grown in soil without inoculum, even though the mesocotyl and roots 
were severely diseased. No marked temperature effects could 1)0 detected on seedling 
infection in nonsteamed soil. Maintaining seed in contact with inoculum in moist com¬ 
post for 0, 2, 4, 6, and 10 days at 13.3® 0. previous to transferring to a more favorable 
temperature for growth (20® C.) did not result in any greater infection in the non¬ 
steamed soil. Delayed planting resulted in healthier seedlings. The antibiotic activity 
of other soil micro-organisms towards JJ, sene may be the cause of the differences in the 
severity of infection observed. 

The Prevalence and Deslrneilveness of Plant Diseases in Iowa from ISoO to 2037, 
D. R. Shepherd. In a study of records (dating back to 1858) of plant diseases in their 
relation to Iowa agriculture, 280, affecting 34 crops, were considered. Serious early 
losses from potato rot, thought to be late blight, were reported in 1858, 1865, 1866, 1869, 
1876, 1885 and 1886. Fire blight of pear and apple became destructive in 1852 and did 
untold damage during the following 40 years. (Jonsiujuently, much attention w’as focused 
on this and other orchard diseases. Early destructive <)ut})reak8 of rust of wheat (stem 
rust-leaf rust) were reported for 1859, 1876, 1878, 1880, 1890, 1893. Wheat scab caused 
widespread loss in 1865. Losses liave resulted in the partial to complete elimination of 
some crops and a shift in acreage to those less vulnerable to attack. Stem rust, leaf 
rust, and scab appear to have been important contributing factors in the elimination of 
spring wheat as an Iowa crop; fire blight has been largely responsible for the almost 
complete elimination of pear culture; potato diseases in general have made potato cul¬ 
ture in Iowa unprofitable; cabbage yellows ruined a thriving cabbage industry; and on 
Muscatine Island sand lands, watermelon wilt left only the remnant of a profitable water¬ 
melon industry in its wake. 

Effect of Nitrogen Nutrition on Virus Multiplication in Tobacco. Ernest L. 
Spencer. The correlation previously reported between high-nitrogen nutrition and high 
virus concentration in Turkish tobacco plants (Nicotiana tabacum) has been found to be 
due to an increase in the rate of virus multiplication. Plants grown in nutrient sand 
cultures, supplied with a complete nutrient solution containing either 20 or 200 mg. of 
nitrogen per 100 cc., were inoculated with tobacco-mosaic virus when in the 3- or 4-ieaf 
stage. At intervals, the juices of representative plants were assayed for virus concen¬ 
tration, On the 5th day after inoculation, little difference could be detected in the virus 
concentration of juices from the two sets of plants, but on successive days thereafter the 
virus concentration in juice from plants receiving 200 mg. of nitrogen became progres¬ 
sively higher than that in juice from plants receiving only 20 mg. of nitrogen. Since the 
two sets of plants grew at about the same rate, it is concluded that high-nitrogen nutri¬ 
tion increased the rate of multiplication of the virus. 

Population Trends of Physiologic Paces of Puccinia graminis iritici in the United 
States from 1930 to 19SB, E. C. Stakman, R. C. Cassell, and W. Q. Loegering. There 
have been decided population shifts among physiologic races of Puccinia graminis iritici 
in the TTriited States during the past 10 years, as determined by the percentage of uredial 
isolates of each race obtained from several hundred collections identified each year. 
Some races, such as race 38, have fluctuated greatly; others, such as race 34, increased 
gradually and then gradually declined (0.6 per cent in 1930; 22 per cent in 1934; and 
0.6 per cent in 1939); some have declined to almost zero, notably race 36 (36 per cent 
in 1930 and 0.6 per cent in 1939); at least one, race 21, which constituted 7 per cent of 



1940] 


Absteacts op Papers 


23 


all isolates m 1934, was not found on wheat at all in 1939; still others, races 17 and 19, 
for example, have shown a general tendency to increase slowly but somewhat irregularly; 
and one, race 56, increased from 0.3 per cent in 1930 to 06 per cent in 1938 and" 59 per 
cent in 1939. Indications are that temperature and other mcteorologic factors may be 
important in these shifts. The implications of the facts in interpreting epidemics and 
in development and maintenance of resistant varieties are evident. (Cooperative investi¬ 
gations, C. S, Department of Agriculture and the Minnesota Agricultural Experiment 
Station.) 

Potato Ping-rot Spread and Its Control hy Disinfectants. G. H. Starr. Experi¬ 
ments conducted in 1939 at Laramie, Wyoming, showed corrosive sublimate to be the 
most effective, Mercurnol relatively less effective, and acid-formaldehyde, Semesan Bel, 
Cinnex 20, formaldehyde, and lysol least effective as knife disinfectants for the control 
of spread of ring rot in potato tubers. After 2 days of healing-over, the i)ercentage of 
ring rot, when compared with that in lots planted soon after cutting, was not reduced. 
In the treatment of potato tubers, both before and after cutting, Mercurnol gave better 
control of ring rot than did Semesan Bel, Oinnex 20, or hot formaldehyde. There was 
05 per cent of ring rot in seed treated before cutting, and but 40 per cent in that treated 
after cutting. The use of whole seed gave 23 i)er cent of ring rot, while slightly-infected 
seed gave 85 per cent. The cutting knife spread ring-rot infection to the 10th and last 
tuber of each Jot. When the eyes of healthy tubers were smeared with ring-spot inoculum, 
infection occurred in 45 per cent of the plants. If inoculum was merely rubbed on the 
sound skin between the eyes, no infection resulted. 

Treating Deciduous Trees for ChUmms. O. H. Starr. Chlorosis of deciduous trees, 
cottonwoods iji particular, has been especially severe during the past few years on the Uni¬ 
versity of Wyoming campus aaid in many other parts of Wyoming. Injection of ferric 
phosphate in holes bored in the trunks of trees has given highly satisfactory results. Fifty- 
year-old trees, as well as younger ones, have responded to the treatment. What may be the 
correct amount to inject for successful results is still being tested. Five grams of ferric 
phosphate XR'r inch-diameter of trees has given satisfactory results, but 5 times that dosage 
has licen equally successful and pcrhajis its effect may last longer. Total leaf fall has 
resulted from summer tiH'alments, but green leaves soon reappeared and obtained almost 
normal size before fall. Early-spring treatment of trees that appeared almost dead from 
severe chlorosis have been rejuvenated and restored to a normal green color. Several trees 
used as controls are now dead. Hic duration of treatment effect is not yot known, but 
])reviou8 results have shown that benefits may be expected for 4 or 5 years after treatment. 
]k‘rhap8 heavier dosages will increase this period. 

Phloem Necrosis in the Ohio Ewer Valley. Boger U. Swingle. Phloem necrosis of 
elm continued in ei>idemic form during 1939. Although no extensive survey has been 
undertaken, the disease has been found in Ohio, Indiana, Illinois, Missouri, Tennessee, Ken¬ 
tucky, and West Virginia. To date it has been transmitted only by grafting. About 80 
to 99 i>er cent of the patch grafts made union and about a year later 82 to So per cent 
of these showed the disease. In addition to the typically chronic cases of the dist'ase re¬ 
ported previously, acute cases have been observed. In the former there is a gradual decline 
over a 12- to 18-mouth period before the tree dies; whereas, in the latter, apparently 
healthy and vigorous trees suddenly wilt and die within 3 or 4 weeks. During the past 
season 2 trees that exi)rc88ed typical disease symi>toms in previous years showed a marked 
degree of recovery. Seedling elms from one of these trees were extremely variable and, 
although none developed phloem necrosis, a few showed mosaic-like mottling of the foliage. 
Attempts to induce recovery of diseased trees by applications of the minor element boron 
and comidetc fertilizers have been unsuccessful. 

Preemergence and Postemergence Factors that Influence the Infection of Barley by 
Covered Sniul and Nigra Loose Snwt. V. F. Tapke. These two smuts, like the other 
seedling-infecting smuts of small grains, invade their host during seedling growth from the 
seed to the soil surface. Soil conditions during this preemergence period, especially mois¬ 
ture and temperature conditions, long have been considered the important factors affecting 
infection and the incidence of smut. In line with recent results with barley covered smut 
and oats loose smut, it was found that cold conditions, after the seedlings have emerged, 
also may result in marked reductions in the incidence of the nigra loose smut of barley. 
Temperate conditions for 10 days, 30 days, and continuously after seedling emergence re¬ 
sulted in progressively marked increases of smut. In another study, distinct increases in 
covered smut were obtained through impeding the subterranean growth of the seedlings 
by tamping or deepening the soil layer above the seed or by using a heavy soil. In an¬ 
other experiment, the incidence of covered smut was more than double when the early 
growth of fully-emerged seedlings was retarded through pruning the roots. 
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Control of Leaf Spot on Sour Cherries in West Virginia. Carlton F. Taylor. Four 
applications of lime sulphur at 3 gal. of concentrate per 100 gal. of spray material is the 
accepted leaf-spot-control program on sour cherries in West Virginia. An experiment was 
conducted in 1939 to test the efficiency of this program. Each material under test was 
applied to 10 young (2-year) Montmorency trees arranged in single tree plots in random¬ 
ised blocks. Sprays were applied on May 10 (petal-fall), May 18, June 12, and July 
14-15 (post-harvest). The retained, uninjured leaves (on 3939 wood) on July 31 and 
September 15, respectively, were at the following percentage levels: 5 variations of lime 
sulphur averaged 88.7 and 5.0 j phonothiazine, 1 lb. with bentonite and hydrated lime per 
100 gal., 10.8 nnd 0.1; Bordeaux 3-2-100,12.5 and 15.5; Bordeaux 3-5-100, 63.0 and 39.8; 
Copper Hydro, 3 lb. and 2 lb. of hydrated lime per 100 gal., 79.6 and 62.1; and nonsprayed 
checks (average of 5 plots) 0.3 and 0.0. Differences greater than 10.5 and 10.6 are prob¬ 
ably significant at odds of 20: 1. With the heavy infestation prevailing in this experi¬ 
ment, copper materials tested wore much superior to lime sulphur in lute-season retention 
of foliage. 

Problems in the Determination of Physiologic Paces of Vstilago avenae and U. levis. 
Ian W. Tervet. When susceptible varieties of oats were inoculated each year with dif¬ 
ferent collections of oat smut, the percentage of smutted heads caused by some collections 
varied from year to year, while that caused by other collections remained constant for 6 
years. One collection of Vstilago levis produced a relatively constant percentage of 
smutted heads on the susceptible variety Anthony for 6 years, but attacked logold lightly 
the first 2 years and very heavily the last 4. In 1937 a collection consisting mainly of 
V. avenae, with a slight admixture of U. levis, or a hybrid between these species, produced 
a moderate amount of smut on Anthony, Gopher, logold, and Black Mesdag. Spores of 
this collection produced on Black Mesdag were then used to inoculate these same 4 varieties 
in 1938 and 1939. Only Anthony and Black Mesdag became smutted, and the chhimydo- 
spores formed were characteristic of U. levis. Variation in these two eases can be ascribed 
to the selective effect of the variety from which the chlamydosporcs for inoculum were 
obtained. In the first case the host range of the collection was increased; in the second, 
the host range and the specific nature of the collection were changed. 

Permeability Change as a Significant Factor in Parasitism. F. S. Thatcher. On 
susceptible wheat varieties Puccinia graminis tritici causes an increase in the permeability 
to water and to solutes of the host-cells of infected tissues. Resistance of Mindum wheat 
to race 36 is associated with an extreme localized decrease of host-cell permeability, which 
is considered to result in ultimate starvation of the pathogen. Increased susceptibility of 
Mindum wheat to race 36, as induced by narcotization, is related to increased permeability. 
Increased permeability precedes pectinas activity among soft rots, and is apparent in 
potato petiole tissue in a region beyond the zone occupied by myceUiim of Phytophthora 
infestans. These facts explain certain characteristic, symptoms of soft rots and late 
blight, and indicate an accessory role of permeability increase in the parasitism of the 
pathogens concerned. A decrease in the permeability of tissues of swcide * * root' ^ near the 
margin of necrotic lesions caused by Phoma Ungam was interpreted as being in accord with 
Brown's suggestion that a dry rot is determined by the ability of the host plant to restrict 
the amount of water reaching the parasite and, thus, arrest the progress of its enzyme 
activity at some intermediate stage. Wilt of excised tomato stems as induced by filtrates 
of cultures of Fusarium lycopersici was associated with increase in permeability of meso- 
phyll cells to water. Wilting was not caused by death of xylem parenchyma colls asso¬ 
ciated with the conducting elements or by interference with the transpiration stream by 
pit closure. (McGill University. At present, Fellow Royal Society of Canada working 
in the Section of Plant Pathology, University’Farm, St. Paul.) 

Additional Facts Pe gar ding Bacteriophage. Roy C. Thomas. A nonspecific lysin, 
which is inactivated by heating at 56° C. for 30 minutes, has been found in many plants. 
When this lysin comes in contact with susceptible bacteria a change occurs resulting in the 
formation of a transmissible lytic principle, which is not inactivated at 60® C. and only 
partially at 65® C. This is believed to be the origin of the bacteriophage in plants and to 
function as a mechanism of resistance. These lytic principles vary with differences in 
cultures of bacteria used to produce thorn. In corn varieties susceptible to bacterial wilt, 
the lysin was lacking or very weak, whereas in resistant varieties it was strong. Several 
methods have been found effective in rendering cultures of Aplanohacter siewarti free of 
the lytic factor. 

InheHtame of Pesistance to Frysiphe graminis hordei in a Cross between Featherstone 
and Fiepal Barley. J. S. Tidd. Greenhouse studies were made of the Fs and Fa of a 
cross between the barley varieties, Featherstone C.I. 1320 and Nepal C.I. 595, In addition 
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to being snsc^tible to race 6 of barley powdery mildew, Featherstone is awned, has a 
hulled earyopsis, and a short-haired rachilla. Nepal is resistant to race 6, is hooded, has 
a naked see^ and a long-haired rachilla. The Fa plants were classified for these char¬ 
acters, and Fa progeny tests also were made to check the Fa-mildew classification. The 
data indicated that resistance was incompletely dominant, heterozygous F* plants being 
less resistant than the homozygous resistant plants. One main Mendelian factor is evi- 
dentljr responsible for the expression of resistance of Nopal to race 6. Mildew reaction 
also IS inherited apparently independently of the other 3 character pairs studied in the 
cross, no linkage being found between any of the 4 factor pairs studied. 

VerticilHum Wilt of Chrysanthemums, Paul E. Tilford and Harmon A. Runnels. 
Many varieties (423) of florists* chrysanthemums have been tested for resistance to Verti- 
cillium wilt. Those failing to develop symptoms and from which the fungus could not be 
isolated from the stems of plants grown in soil heavily infested with VerticilUum were 
considered resistant. Roughly one-third (32.38 per cent) of the varieties proved resistant. 
Attempts to eliminate the fungus from cuttings by permitting them to take up fungicidal 
solutions have failed. Symptoms are most pronounced when the i>lant8 are in flower, and 
are least evident during periods of rapid vegetative growth. By roguing diseased plants 
when in flower, saving the first tip cuttings from the apparently healthy plants in the 
spring and growing the new plants in sterilized soil it has been possible to greatly reduce 
the amount of disease in a single season. Isolates of Vertioillimn from Liatris, soft 
maple, sugar maple, Norway maple, American elm, Japanese barberry and potato, al- 
tliough varinblo in culture, depending on cultural conditions, appear the same as isolates 
from chrysan them inn. Chrysanthemums, eggplants, and cinerarias were inoculated with 
most of those isolales. Some variability in virulence was observed but all were pathogenic. 

Control of Leaf Blights of Fig. E. C. Tims. Bordeaux mixture having proved in¬ 
effective in Louisiana as a control for thread blight of fig caused by Corticum stevensii, 
preliminary tests were made several years ago with some cop}>cr sulphate-lime arsenite 
eradicant sprays applied during the dormant season. These spray mixtures gave good 
results from the beginning, and in 1937 and 1938 gave almost complete control. Several 
trees sprayed with a copper sulphate-lime-zinc arsenite-monocalcium arsenite-fish oil 
mixture in 1938 remained free of thread blight during 1939, indicating that this spray 
mixture has a strong eradicant effect on the sclerotia of C. stevensii. The tests in 1939 
were complicated by another leaf-blighting organism (C. mierosclerotia), which caused 
very severe defoliation of many fig trees early in the season. While the above-mentioned 
spray mixture caused almost complete control of C. mierosclerotia until the fig crop had 
been harvested in July, there was later some spread of the disease from adjoining non¬ 
spray ed trees to the sprayed area. This late infection probably was caused by sclerotia 
that developed in great numbers on the nonsprayed trees. 

Observations on a Noteworthy Helminthosporium Disease of Corn. Arnold J. 
Ullstrup. The inbred line of corn Pr and two proprietary inbreds were observed to 
suffer from n severe attack by a species of Helminthosporium during 1938 and 1939. 
The symptoms on the leaves of Pr are characterized by numerous lesions ranging 
from 1 to 15 mm. in length. The lesions, generally oblong, because of partial delimitation 
by the veins, show faint zonation. Coalesence of lesions is common. The infected areas 
are at first a dead brown; later, wdtli onset of fruiting of the fungus, becoming greenish 
gray. All aboveground parts are conspicuously attacked. Initial infection has been 
observed to take place in early summer. Under conditions of continued high humidity, 
fruition of the parasite is abundant and soon the entire plant is involved. Ears are at¬ 
tacked at any point and the mycelium may soon cover a large portion of the kernels. 
Morphologically, tlio fungus is distinct from Helminthosporium turcicum and Cochliobolm 
heterostrophus. The symptoms also differ from those produced by these species. Heh 
minthosporium scicola appears to be morphologically similar to the species in question. 
Symptoms indicated on the ty|)e s]iecimen of H. zeicola, as well as reports on the patho¬ 
genicity of the latter do not suggest identical species. (Cooperative investigations of the 
Bivision of Cereal Crops and Biscases and the Purdue University Agricultural Experiment 
Station.) 

Virus Distribution in Mosaic-susceptible and Mosaic-resistant Burley Tobacco. W. B. 
Valleau and Stephen Diachun. Applying a white strain of the tobacco-mosaic virus to 
susceptible and resistant (Ambalcma type) Burleys disclosed tlie fact that at the end of 
a month the distribution of virus within the plants w’as limited to chlorotic yellow patterns. 
Green areas, unless very close to yellow ones, were virus-free. The line between viruli- 
ferous and healthy tissue was more clearly marked in resistant plants than in susceptible, 
whore invasion was more rapid. Mature, susceptible plants, inoculated at topping time 
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on the top and bottom leaves, respectively, developed mosaic in the suckers, and were 
extensively invaded in the top-inoculated loaves or were slightly invaded in the lower in¬ 
oculated leaves. The remaining leaves, however, remained iminvadcd for 30 days or more. 
Afto 30 days an occasional noninoculated leaf became slowly invaded along the base of 
the midrib, followed by a gradual spreading up and along the laterals. One striking dif¬ 
ference between susceptible and resistant strains appears to be in the longer time required 
for the release of virus from infected areas of the resistant plants. There appears to be no 
barrier to rapid long-distance carriage of virus in highly resistant plants, once the virus 
is released from infected areas. 

Classification and Nomevclatvrc of Some Phyiopaihogenio Species of Bacillus. E. L. 
Waldee, G. C. Kent and I. E. Mklhfs. Forty-six cultures of bacteria described as 
phytopathogenic species of Bacillus were studied according to the 1934 descriptive chart 
of the S. A. B. to determine their taxonomic status. From the preliminary data obtained, 
there emerge at least 3 well-defined groups of generic importance. Three species, 
formerly called Bacillus amylovorus, B. tracheiphilus and Bacterium saliciSy constitute 
one group. The soft rot bacteria (24 isolates) constitute the second group. IVo isolates 
designated as B, lathyri fall into a third group. Group I constitules a generic group 
based on the typo species, Erwinia amylovora (Burrill) Winslow et aL, 1917, and includes 
also E. iraohciphila (E, F. S.) Holland, 1920, and E, salicia ('Day) Bergey ct ah^ 1939. 
Group II, comprising the soft-rot isolates, belongs to the coliform bacteria and should be 
classified with them in a new genus in the tribe Escherichiae (Bergey, 1939). Groui) ITT 
seems to contain 2 species of bacteria whose taxonomic position is still uncertain. 

Histological Studies of Storage Scah Lesions on Mature Apple Fruits, E. A. 
Walker. Two types of storage scab lesions were studied; ?.c., continuation of growth 
around the margin of the prestorage scab lesion, and new’^ scab lesions that developed 
while the fruit was in cold storage. Comparative studies were made wdth the storage 
and prestorage scab lesions on 4 varieties of apples. Storage scab lesions are somewhat 
sunken, due in i^art to the crushing and disintegration of the cortical cells under the 
mass of the scab organism. The fungus grows profusely throiigh the cuticle tissue in a 
plate-like mass of pseudoparcuchymous mycelium. The hyphae continue growth around 
the epidermal cells and may penetrate readily into the cortical tissue to a (h'pth of 8 to 
10 cells below the epid(;rmi8. The mycelium is found in the intercellular spaces, the 
middle lamellae, and is r«arely intraccdlular. There is no cork or callus formation associ¬ 
ated with the prestorage scab lesions; however, the colls immediately below the nuiss of 
scfib myclium are badly crushed and necrotic. The cuticle increased in thickness with 
increased length of storage; the scab fungus was seldom observed breaking through to 
produce conidia. 

A Method of Beducing Cluhrooi Infection at Transplanting, J. C. Walker, Mark 
A. Stahmann and Dean E, Pryor. The severest damage from clubroot (Plasmodia- 
phora hrassicac) on transplanted crucifers results from concentrated infection of the 
many rootlets that arise almost simultaneously from the lower stem and upper tap root 
after setting, especially since the application of water to facilitate recov(‘ry is also very 
favorable to infection. A weak solution of mercuric chloride used as the transplanting 
fluid greatly reduces infection in this zone, without injury to the host. Jn the search for 
a noncorrosive and more eflicient fungicide several organic and inorganic compounds have 
been tested. Nothing superior to a solution of mercuric chloride in cost and efficiency 
has yet been secured. Use of the latter as the transplanting fluid in setting out cabbage 
on clubroot infested soil gave commercially significant control on both mineral and muck 
soils in Wisconsin in 1938 and 1939. It is suggested that this method might well be 
tried in other regions. (University of Wisconsin and Division Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry.) 

Evidence of Passive Immunization of Plants from Curly Top, J, M. WALLACE. 
Following recovery from curly top, Turkish tobacco plants showed mild symptoms and 
were not visibly affected by reinoculaiion. Leaf-hopper transmission from recovered 
plants resulted in severe symptoms, indicating that the virus was unaltered in virulence. 
On the other hand, graft transmission resulted in mild symptoms. This indicated protec¬ 
tive substances or properties in the recovered plants, transferable by grafting. Cions 
taken from Icaf-hopper-inoculated plants at S-day intervals following inoculation and 
grafted to healthy plants showed that a period of 20 days or longer was recpiired for the 
inoculated plants to develop maximum effectiveness in affording protection. Further 
studies showed that plants of tomato varieties that seldom exhibit any ability to recover 
from curly top were provided with a partial protection when infected by grafting with 
recovered tobacco plants. Once established in the tomato plants, the protection was 
retained through several serial cuttings for more than a year and was transferable to 
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other healthy tomato and tobacco plants. This seems to be an example of a kind of 
passive immunization. This phenomenon has not been previously observed in plants. 

New Facts Concerning the Plane Disease, J. M. Walter and P. V. Mook. The 
plane disease has killed hundreds of planetrees in the Philadelphia and Baltimore areas. 
Recently, cases have been found in Newark, New Jersey, South Charleston, West Vir¬ 
ginia, Magnolia, North Carolina, and Williamsburg, Virginia. Sufficient Platamis aceri- 
folia trees of different sizes have been inoculated to demonstrate that the disease is 
caused by the Ceratostomella species that Jackson believed, from limited inoculation 
tests, to be the pathogen. Inoculation of 32 small seedlings of Platnnus occxdcntalis 
resulted in development of typical symptoms. Trees affected by the disease in Vicks¬ 
burg, Mississippi, South Charleston, West Virginia, and Williamsburg, Virginia, have 
been identified as American sycamore. The initial external symptom on recently exfoli¬ 
ated bark areas is a dark-brown or black discoloration, usually elongated in line with the 
grain of the underlying wood. On bark areas retaining older layers and scales, the first 
noticeable symptom is an elongate depression beneath which the inner bark is darkened. 
Infections occur on branches high in the crown, as w^ell as in trunks. Branches flagging 
during August or September on trees whose trunks showed no lesions were found to have 
infections approximately 3 year old. Of 45 branch infections studied to date, 26 were 
associated with small imming cuts. The fungus has been transmitttid experimentally 
with pruning saws. 

Pythnim Injury of Oats. Aaron Welch. Oats, grown under Iowa conditions, are 
subject to serious root injury caused by Pythium deharyanum. It may cause a rotting 
of roots and of germinating seed. Under less favorable conditions for the pathogen, 
only local root lesions develop, which may cause stunting, yellowing, and, later, dying of 
the lower leaves of the host. '3’ho causal organism was easily isolated during the seedling 
stage. As the season advanced, however, isolation of Pylhium became increasingly diffi¬ 
cult. At nmturify of the plant the pathogen was not isolated. It was found, however, 
that nunu'rous secondary organisms rapidly follow^ed Pythium infection. The secondary 
organisms were not isolated in the seedling stages, when Pythium w’as most prevalent. 
Under temperature-controlled greenhouse conditions 32 varieties of oats were tested in 
Pytliiurn-infesied soil, (lermination was poor and root injury severe at 20*^ C. or below. 
Root development of the infected plants was supjircssed, to]> growth reduced, and the devel¬ 
opment of secondary roots retardeil. Infected plants yielded only half as much as the 
checks in terms of grain and total dry weight. Relatively few of the 32 varieties were 
resistant; most of them were susceptible. 

Eradirant Sprays for the Control of Blossom Infection hy Sclerotinia Jaxa. E. E. 
Wilson. Effect of arsenite sprays on development of sporodochia of Sclerotinia laxa in 
apricot and almond trees was again studied in 3938-39. Tests, conducted in 15 orchards 
in 8 counties, consisted of 320 plots containing 5 to 320 trees. The spray was applied in 
winter before sporodochia app<‘ared on blighted hold-over twigs. Sodium and zinc arse- 
nites were erratic or ineflVetive in preventing siiorodochial development, but in its ability 
to kill sporodochia the fornuT showed some promise when applied after these structures 
appeared. Calcium arsenite, on the other hand, frequently reduced development of sporo¬ 
dochia 95 to 99 per cent. In some of the small jdots, despite efficient sporodochia sup¬ 
pression, blossom infection w'as abundant, possibly because spores drifted in from 
adjacent nonsprayod trees. In the larger plots, however, the amount of disease was 
reduced 65 to 95 per cent. Isolations indicated that calcium arsenite killed the fungus 
in a majority of the hold-over twigs. In others, though the fungus was not killed 
throughout, it failed to develop sporodochia. Almonds, in particular, have proved very 
sensitive to injury by arsenites. As a consequence, an important problem confronting 
the successful use of this typo of control method is that of preventing serious host injury. 

Comparisons of Phytomonas cerasi with Phytomonas syringae, E. E. Wilson. 
Although, in morphological and cultural tests, a number of workers proved Phytomonas 
syringae and P. cerasi to be closely related, the two species have not been widely accepted 
as identical. In the present studies they were indistinguishable in their utilization of 
sucrose, glucose, galactose, xylose, and the sodium salts of succinic, malic, citric, and 
lactic acids. Their nitrogen requirements were similar in that organic sources such as 
asparagin and pejitone supported better growth than inorganic sources, such as am¬ 
monium nitrate and ammonium chloride. Other organic nitrogen compounds utilized to 
some extent w'ere glycine, leucine, and tyrosine. When inoculated into dormant plum and 
cherry trees both organisms produced cankers similar in size and appearance. On the 
basis of this and other work it is proposed that P. cerasi and other species (P. utiformica 
and P. prunicola)^ earlier shown to be identical with it, be identified as Phytomonas 
syringae (Van Hall). 
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Comparative Values of the Fixed Coppers as Vegetable Sprays. J. D. Wilson and 
H. C. Young. From 8 to .14 of the so-eailed fixed or insoluble copper compounds now 
available were applied in the summer of 1939 to such crops as ginseng^ tomatoes, celerji 
muskmelons, and beans. Notes were taken relative to the injury caused in certain 
instances, and comparative yields of the variously treated plots were obtained in most 
of the experiments. Bather definite indications of crop and disease specificity, with 
reference to injury and control factors, were observed for the different compounds com¬ 
pared. For instance, one of the materials, which gave good control of Alternaria blight 
of ginseng, ranked much lower with reference to the Cercospora leaf blights of carrot and 
celery, and another, which injured carrots severely, caused but little injury to tomatoes. 

The Comparative Fffect of Various Sulphur and Copper Sprays on Quality, Color, 
and Size of Sour Cherries. II. F. Winter and H. C. Young. In this experiment lime 
sulphur, fiotation sulphur, Bordeaux 1--2--100, li~3-“100, 2-6-100, and 10 of the fixed 
coppers were compared. The fixed coppers were applied at the rate of 3 lb. to 100, based 
on 25 per cent metallic copper, with 3 lb. of hydrated lime. Cherries sprayed with the 
sulphur sprays were perceptibly lighter in color and contained less sugar and acids than 
those sprayed with copper. The sulphurs did not control leaf spot. Limo sulphur, H 
gal. to 100, stunted the loaves. In general, the Bordeaux-sprayed cherries were smaller 
than those sprayed with fixed copper. Copper-sprayed cherries w'ere darker and con¬ 
tained more sugar and acids than those not sprayed or sprayed with sulphur. Leaf spot 
was w'ell controlled by most of the copper compounds. 

The Diurnal Cycle of Taphriva deformans. C. E. Yarwood. Ilniforniity of the 
asci and absence of expected intermediate stages of ascus development in a given collec¬ 
tion of curl-infected peach leaves suggested a diurnal cycle of Taphrina deformans. The 
cycle was followed by freehand and microtome sections of young material collected at 
different times of the day, by continuous collections of spores on slides ex]30sod in in¬ 
fected trees, and by stimulating ascospore discharge from periodically collected leaves by 
means of the vapors from formalin-acetic acid-alcoliol fixative. It was found that growth 
of the asci from the ascogenous cells began about 30 p.m. and reached full size about 
3 a.m. By 6 a.m. there were usually 4 nuclei present in each ascus, and by noon the 
8 ascosporcs were apparently mature. The maximum collection of naturally discharged 
ascospore groups was about 7 p.m., the minimum about 7 a.m. Exposure of infected 
leaves to the vapors of F.A.A. fixative induced ascospore discharge in greatest numbers 
in the afternoon and evening. The diurnal cycle w'as less marked, or was not apiiarent, 
on leaves on which asci had been maturing for several days, 

Sporulation Injury Associated with Downy-mildew Infections. C. E. Yarwood. 
Leaves infected with downy mildew of onions, downy mildew of spinach, and downy 
mildew of hox)S died sooner, or were more severely injured, if the fungus sporulated on 
the leaf surface than if such sporulation were prevented. The loss of green weight (as 
a quantitative measure of injury) due to a single night of sporulation was as much as 
48 per cent of the original green weight for onions, 48 per cent for spinach, and 11 per 
cent for hops. The tiansi>iration of leaves on w'hich sporulation had just occurred W’as 
about 29 per cent less than that of nonsjiorulating infected leaves for onions and 28 per 
cent less for hops. The respiration of leaves on which sporulation had just occurred 
was not consistently different from that of nonsporiilating infected leaves, but was about 
47 per cent greater than healthy leaves on a green-weight basis, and amounted to about 
0.23 mg. carbon dioxide per gram dry weight of leaves per hour in darkness at 19“ C, 
Neither disturbed transpiration nor disturbed respiration is believed responsible for the 
sporulation injury observed, and the cause has not been determined. 

Relative Susceptibility of Young Fine Tree.s in Artificial and Natural Stands to 
Invasion by Fungi and Bacteria. H. IT. York. Investigations over a period of 10 years 
in forest plantings of v\hite, red, and Scotch pines indicate that there is a very definite 
rolatum between the way in which trees are set in the ground and their susceptibility to 
infection in the root crown by fungi and bacteria. These studies, thus far, show that 
trees, established by natural seeding, are far less susceptible to invasion by these 
organisms. 

Resistance of Tomato Varieties to Blossom'cnd Rot, P. A. Yoxtng. With 4978 
single-stem tomato plants per acre, serious commercial loss resulted from an average of 
only one rotted fruit per plant. Extensive field tests at Jacksonville, ’3V,xas, from 1937 
to 1939 showed large variation in resistance to blossom-end rot among different tomato 
varieties and their selections. Most selections of Marglobe, Break O^Day, and Pritchard 
were resistant, \arioties tested were classified in 3 groups based on the range in aver¬ 
age numbers of fruits with blossom-end rot per plant. The resistant group with 0 to 0.8 
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fruits with blossoni’end rot per i)lant included Blair Forcing, Break 0*I)ay, Globe, Long 
Calyx Forcing, Marglobe, Marhio, Michigan State, Norton, Pritchard, Sureset Forcing, 
and Tennessee Bed. Moderately susceptible grouj) with 0.9 to 2.0 fruits with blossom- 
end rot per plant included Baltimore, Century, Early Baltimore, Glovel, Grothons Bed 
Globe, Gulf State Market, Illinois Baltimore, Kanora, Louisiana Pink, Marvaiia, Marvel, 
Newport, and Sweetmeat. Very susceptible group with 2.1 to 6.5 fruits with blossom-end 
rot per plant included Browns Special, Buckeye State, Globclle, Illinois Pride, Louisiana 
Dixie, Louisiana Bed, Prairiana, Biverside, and Butgers. Commercial strains resistant 
to blossom-end rot were selected from Butgers and other valuable varieties. 


EELATION OP WOUNDS TO INFECTION OP AMERICAN ELM BY 
CERATOSTOMELLA XJLMI, AND THE OCCURRENCE OP 
SPORES IN RAINWATER 

Leon J , T y l e k , K . G . 1’ a r k e r , and S k imi 1^ o r e i 
(Accepted for publication August 23, 3939) 

INTRODUCTION 

Reports indicate that Ceratostomella nlmi (Schwarz) Buisiiian, causal 
fungus of tiie Dutch elm disease, may fruit in various })laces ou field and 
planted elm under natural field conditions. In Europe, Praiisen (5), Roepke 
(12), Wolleuweber (20), and others observed fruiting structures of this 
fungus in maternal galleries and pupal cells made in diseased elm by certain 
scolytid beetles. Buisman (3) saw perithccia of C. vhni that had developed 
‘‘in tlie bark’’ of a standing diseased elm. In England, Peace (10) repoi'ted 
C, vlmi fruiting on dead wood in “sheltered places such as cracks between 
bark and wood/’ but he added that suc'h fruiting was not commonly seen. 
May and Gravatt (7) stated that, under very favorable conditions, spores 
were formed on the cut surfaces of diseased trees and stumps and in insect 
tunnels in the wood. Later, May (8) observed coremia on the ends of logs 
cut from diseased trees and under the loose bark of old logs lying on the 
ground. 

In field observations in and near New Y^ork City during the past 4 years 
the writers found that coremia of Ceratostomella tilmi are often produced 
in more or less ex])osed })laces on elms infected by the Dutch elrn-disease 
pathogen and on decadent trees, apparently not infected by this fungus. 
Coremia were seen on the outer surface of the inner bark and they protruded 
into the space created by the loosened and partly raised outer rough bark. 
Sometimes this outer bark was sloughed off so that the coremia were fully 
exposed. Coremia were observed in the openings inlo leopard-moth galleries, 
and in scolytid entrance holes on diseased trees. They developed in scolytid 
feeding wounds on twigs taken from healthy trees in the field and held in 
glass moist chambers in the laboratory. Also, they developed frequently in 
artificial wounds and in scolytid feeding wounds made on experimental trees 
held under high moisture conditions in the greenhouse. 

1 The writers are indebted to 3>r. J). S. Weleb, for suggestions eoucerning experi¬ 
mental i)ro<'edure, and for critically reading the manuscript. Thanks are due Dr. W. H. 
Bankiii, New York State Department of Agriculture and Markets, for lielpful cooperation 
in some of the field work; and the Boyce Thompson Institute for Plant Besearch for 
making available laboratory space and equipment. 
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Several workers have suggested the possibility’ of wind dissemination of 
the spores of Ceratosfomella ulmi in the field, but all were doubtful of its im¬ 
portance (2, 5, 7, 8, 10, 12, 20). Smueker (14), in the United States, re¬ 
ported that spores could be dislodged from cultures and carried for some dis¬ 
tance by air currents in the laboratory, but attempts by Fransen (6), in the 
Netherlands, to dislodge spores by means of air currents were unsuecessful. 

The writers' experiments showed that spores were sometimes dislodged 
and carried by air curi*ents. This seemed dependent on the age and moisture 
content of the cultures used, and on the velocity of the air currents (the 
velocities were measured with an anemometer). The so-called ‘‘Cephalo- 
sporium" stage of Ccratosfomella ulmi was present on all cultures used in 
this work, and it was noted that bits of myc».eJium were almost or quite as 
easily tom away from smdi (udtuj*es as were tlie spores themselves. The re¬ 
sults show further that, alway’s, oidy a few spores are dislodged regardless of 
the conditions prevailing in the different experiments. Available data are 
insufiScient to determine the optimum conditions for dislodgjuent of spores 
by means of dry air currents. Pindher work is needed to help clarify this 
question. 

Wollenweber (20) suggested that the Dutch elm-disease fungus might be 
disseminated by water. The writers found that large luimbers of Ceraio- 
siomdUi ulmi spores could be dislodged from cultures by means of atomized 
water. The cultures from which spores were dislodged contained both 
eoremia and conidio])hores growing on sterilized elm twigs. Dislodged 
spores were carried in small droplets of water and many tvere eauglit on 
nutrient agar in dishes distributed at distances of immediately' below to 2 
to 3 feet away from the source of inoculum. Comparison of the results 
obtained from attenij)ts to dislodge s])ores b.v Tueans of dry air currents and 
by means of water slunved that, in the laboratory experiments, wat(M* was 
decidedly’ more effective as a disseminating agent of this fungus. Be(‘ause 
of the ease with wliicli spores were dislodged by water it ap])(^ared that rain¬ 
water might wash them from the fruiting structures of C. tthni, foi-med in 
more exposed places on elm in the field. Therefore, rainwater was collected 
from diseased and a])parently’ healthy’ field elms and testf^I for presence of 
this organism. 

ISOLATION OP CERATOSTOMELLA TTLMI FROM RAINWATER 

During the summer months of 1937 and 1938, rainwater was eollected 
Irom a total of 32 diseased and 8 healthy elms located in West(*hester County, 
New York.^ The water was (‘aught by’ means of sjiceial apparatus attaehed 
to the tree trunks near their bases. One to 11 liters of water were (;anglit 
and (‘ollecttnl from each tree. This water was brought to the laboratory and 
centrifuged. Small samples of the material concentrated on the bottom of 
the centrifuge bottles were withdrawn with a sterilized pipette and mixed 
with nutrient agar in Petri dishes. After incubation at room temperature 

2 George E. Thompson, now of the Department of lUant Pathology and Plant Brc'ed- 
mg, University of Georgia, did the necessary field worh during the suilimer of 1937. 
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for several days the dish cultures showed that Ceralostomella uhni was pres¬ 
ent in water collected from 9 of 32 diseased trees, but was not present in the 
water collocated from the 8 apparently healthy trees. The number of 0. idmi 
colonies obtained per 2 cc. sample of centrifu«*e concentrate ranjxed from 1 
to 39. Since this samjile represented only a small part of the total volume 
of concentrate per liter of water, it is obvious that considerable numbers of 
spores were present in water from some of the trees. 

Possible sources of C era lost amelia ulmi spores found in rainwater, which 
was collected from diseased trees are as follows: (a) fruiting? structures 
formed in more or less exposed places; (b) frass pushed out by insects during 
construction of their egg galleries; (c) spores deposited by C, infested 
insects, such as Scohjtus mnliistriatus Marsh., Hyhirgopinus raiipes Eich., 
Saperda trklenfaia Oliv., Magdalis harhiia Say, and M. arniicollis Say', 
during their visitations to and activities in diseased trees; and (d) in unde¬ 
tected perithecia, altliough as far as known such fruiting structures have 
never been swn on diseased trees in the field in the United States. 

introduction of ceratostomella ulmi st>ores into wounds on 

AMERK'AN elm 

During the past 4 years many kinds of wounds were tested as infeidion 
courts, on different parts of 3- to 4-year-old budded elms (Ulmus americana 
Ij.) jiotted in pails. Based on parts of trees injured and on the extent of 
the injuries, 4 classes of wounds were tested. 

Clofi^ i.—^Wounds which penetrated but did not extend through the 
t^orti(*al layers. Such Avounds were made in bark of (a) current-year shoots, 
(b) l-y(*ar-old branches, and (c) 2-year-old bark of trunks. Tlie wounds 
were made by cutting transversely into the bark Avith a knife, then stripping 
the outer bark doAvuAvard from the cut so that the inner cortical layers Avere 
(‘xposed. When such injuries were made the Avood underneath was ncA^er 
injured or exposed. 

Class 2 .—^Woumls that exposed the outermost surface of the Avood in 
roots. Longitudinal incisions AA’ere first made AAdth a knife in tlie bark of 
branch-roots and of main-roots, care being taken that such incisions did not 
reach the wood. The bark on one side of the incision aaiis pryed loose ex¬ 
posing the uninjured surJ’ace of the AATiod and the spore suspension AA^as then 
introduced under the bark Avith an atomizer. Inoculum Avas thus applied 
direcdly to the uninjured surface of the AA^ood. 

Class 3 .—^Wounds that exposed and injured tlie wood of roots, stems, 
and branches. Such wounds consisted of (a) slanting cuts made with a knife 
on trunks and branches; (b) Scolytus maliistriains feeding wounds; (c) 
fresh pruning wounds; (d) old pruning AA’ounds; (e) small branches twisted 
at their bases so that the bark was split and the Avood injured and exposed; 
(f) broken shoots and branches; and (g) cuts made Avith a one-half-ineh wood 
chisel on the roots. 

Class 4 .—^Wounds tliat exposed and injured the xylem elements of 
newly formed or forming parts of green and snccnlent sli(X)ts and leaves. 
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Such 'vvounds were made by (a) vij?orously whipping together the tree-tops 
so that leaves and green, succulent shoots were abraded and broken; (b) 
detaching leaves so that leaf traces were exposed; and by (e) puncturing 
leaf midribs with a needle. 

With the exception of root wounded trees included in class 3, 4 trees were 
used to test each kind of wound on a given date. At least 1 test was made of 
each kind of wound during the active growth period"* of the trees, and re¬ 
peated once or twi(‘e on different groups of trees after terminal growth had 
ceased. This was done to study the effect of ijitroducing Ccratostomella tilmi 
into different kinds of wounds during different stages of tree growth. Each 
kind of wound on aboveground parts was tested on 11 to 28 trees in experi¬ 
ments done during the 4-year period. The mmibers of wounds per tree 
1 ‘anged from 5 to 15, depending on the kind and means by which they were 
made. 

The relation of humidity to infection of elms by Ceratostonicila nJmi, 
through 'wounds on aboveground parts, also was studied. 

Root wound tests were started early in A]^ril, when the buds had begun 
to swell, and repeated on different groups of trees (3 to 12 trees per group) 
at intervals of 1 week to 1 month until early November. Wounds were made 
on the roots usually by piercing the soil around each tree several times with a 
one-half-inch wood chisel. The number of such wounds per tree was not 
determined. 

Throe methods of applying the inoeuhim W(‘re used: 1. Ceratostomclla 
ulmi spores were suspended in water and atomized dire(*dly on wounds. 
2. Spores were dislodged from cultures by ineans of water s])ray. In this 
method the spray fi*om an atomizer containing water was forced past eoreinia 
and conidiophores that developed on autoclaved elm twigs previously j)lauted 
with the fungus. Twig cultures w^ere held above the trees and 12 iiu'hes out¬ 
side the crown periphery. As the water spray (*ame in contact with the f ruit- 
ing structures, spores w^ere dislodged and carried in droplets to wounds on 
the trees. 3. Root wounds, included in class 3, w^ere exposed to inoculum by 
infiltrating 500 cc. of a w^ater suspension of spores into the soil around each 
potted tree. Care w^as taken, when any one of the methods w^as used, to 
distribute approximately equal amounts of inoculum to each tree. Except 
for old pruning wounds, the inoculum was ahvays introduced into the wwinds 
as soon as they wore made. 

Percentages of w’ilt and dieback were recorded at short intervals for each 
of the trees until they w^ere cut, wdikdi w^as usually in tJie fall of the year 
they were iiKxmlated. Some w’^ere held for observation in the following year 
after which they were cut. When (tut the trees w^ere carefully examined for 

3 The term active growth period,as used in this }>ai>(‘r, denotes that period be¬ 
ginning (in potted trees used in these experiments) when the new shoots reach 2 to 4 
inches in length and continuing until extension in shoot length ceases. Tliis period begins 
4 to 5 weeks after the leaf buds begin to oi>en and ends about 2 mouths later. It is 
during this period that American elms appear to b(‘ most susceptible to infection and 
invasion by Ceratostomclla ulmi. However, in trees becoming infected during the latter 
part of this pei'iod there is a definite tendency towtird less extensive invasion by the 
fungus. 
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the brown discoloration eoaimonly caused by Ceraiostomella iihnL The re- 
covery of this fungus from discolored wood was used as the ('riterion of 
infection. 

The results obtained from introducing Ceratostomell^a ulmi spores into 
wounds made on small elms are given in table 1. Tii general, these results 
agree with those reported by other workers (1, 4, 9, 13, 15, 17, 18, 19). The 
data for each wound class are discussed separately. 

Class 7.—Infection was not obtained in trees by introducing spores into 
wounds made in cortical tissues that did not reach the wood, lladuleseu (11) 
concluded, with some reservation, that infection could result from introducing 
the Dutch elm-disease fungus into bark wounds that did not injure the wood. 
The writers obsei’ved that injuries to the bark sometimes resulted in splitting 
that produced fissures in the inner bark tissue beneath the wounds soon after 
they we]-e made. This splitting seemed partly attributable to pressure ex- 
ej’ted oji the injured bark due to normal radial growth of the injui’ed plant 
part. Data in table 1 show that infection occurred in 5 trees; but in each 
of tfiese eases it was observed that the inner-bark tissue covering the infected 
wood had been split. Apparently the fungus had, in these cases, reached the 
wood through fissures produced by splitting. In the remaining trees the 
inner bark underneath wounds did not split, and the fungus did not pene¬ 
trate the inUud tissue, at least not sufficiently to reach and establish itself 
in the wood. 

The wounded bark tissue* in each wound w’as excised and planted on 
nutrient agar in Petri dishes wlien the trees w^ere (Uit. Ceratosioni.clla ulmi 
was recovered from very few of these tissue plantings. Recovery of the 
fungus slunved that it lived at least 3 months in the bark and during this 
time it apparently was unable to i)enetrate to the w^ood. 

Class 2. —The number of trees that became infected through direct appli¬ 
cation of spores to the uninjured surface of the w’ood in roots w^as high, 
although the infected trees Avere not ahvays invaded to the same extent. All 
trees inoculated on April 25, before the active growdli period began, were 
infected, but only 1 w\as extensively invaded, the others showing mere traces 
of discoloration in the w'ood at the inoculation points. All trees inoculated 
during their period of actiA^e growiih (June 2 and July 13) wwe infected and 
three-fourths wwe extensively iuA'aded, Of those trees inoculated on August 
22, which Avas about 5 Aveeks after terminal groAvth had ceased, 1 became 
infected and developed only a trace of discoloration. 

Class S. —With the exception of old pruning Avounds, other wounds in this 
class readily admitted Ccrafosfomella ulmi. Old pruning w-ounds, hav¬ 
ing aged 3 months or more when the fungus W'hs introdu(u*d into them, ap¬ 
parently liad healed sufficiently during this time to entii*ely prcATut entrance 
of the fungus. The incidence of infection through favorable wounds 
appeared to depend somewhat on the inoculation method (Table 1). The 
growth stage of trees at time of inoculation exerted a marked effect on the 
extent of subsequent invasion. The effect of the growth factor is discussed 
elsewhere in this paper. 
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Class 4. — Data given in table 1 show that leaf traces were favorable for 
the entrance of the fungus. Infection very infrequently resulted from spores 
introduced into punctures made in leaf midribs, and into abrasions made on 
succulent parts of growing shoots. Trees infected from spores introduced 
into wounds of this class never were extensively invaded; the fungus always 
remained localized and none of the trees wilted. 

Non-wounded trees were inoculated and included in each experiment as 
checks. The 3 methods of inoculation were tested on such trees, but none 
of these check trees became infected. 

Briefly summarized, the data show that infection never resulted in 
trees through non-wounded surfaces. Infection was not obtained through 
injured cortical tissues that did not reach the wood, although Ceraiostomella 
ulmi was reisolated from injured bark tissue several months subsequent to 
inoculation. Infection was obtained through the intact surface of freshly 
exposed wood, but invasion was more extensive in trees inoculated during 
their active growth period than in those inoculated before or after this period. 
Infection was easily" obtained by introducing spores into wounds that exposed 
and injured the xylem elements of roots, stems, branches, and mature parts 
of new shoots. Infection sometimes resulted from introducung spores through 
injuries on leaf midribs, leaf traces, and through injuries on succulent parts 
of young shoots, but the fungus remained localized and ni^ver caused wilt. 
Wounds particularly favorable for the entrance of C, ulmi were: root wounds 
that extended into the wood; slanting cuts on trunks and branches; fresh 
pruning wounds; broken, and twisted branches; and Scolytus imdtisfriatus 
feeding wounds. 

The 3 methods of inoculation used were generally successful, although the 
direct method of introducing spores into wounds on aboveground parts by 
atomizing them with a water suspension of spores was somewhat more sure 
than the method whereby spores were dislodged from cultures with and car¬ 
ried to wounds by a water spray. Data in table 1 show that the incidence 
of infection in trees inoculated by the second method sometimes was not so 
great as in those inoculated by the first method. This difference was more 
obvious when placed on the basis of total wounds involved. Undoubtedly 
this was due to the accumulation of a greater number of s])ores per wound 
by the first method, resulting in a more pronounced effect from the mass 
attack. Inoculation accomplished by the third method of placing spores in 
the soil around wounded roots (Class 3) was particularly successful. This 
method resulted in a high incidence of infection and usually in extensive 
invasion, although the extent of the latter depended largely on the growth 
stage of trees at the time of inoculation. 

It has been demonstrated that spores of Ceratosiomella ulmi may be intro¬ 
duced hilo American elm, through wounds that expose xylem elements and 
thereby cause infection. Also it has been shown that spores of this pathogen 
are sometimes present in the '^nm-off^’ water from diseased elms. Since 
wounds are commonly present on various parts of field and planted elms, it 
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seems obvious that spores may sometimes be introduced into them by means 
of water. 0. ulmi spores suspended in water and infiltrated into soil around 
the roots of potted elms caused infection through wounds made on the roots 
as long as 2 weeks after the spores were originally placed in the soil. Further¬ 
more, Verrall (16) reported that (7. ulmi survived sparingly in non-sterilized 
forest humus in vitro as long as 3 months. 

FACTORS INFLUENCING THE OUTCOME OP INOCULATION 
Stage of Growth 

Infection was obtained by introducing spores of Ceratostomella ulmi into 
the soil around Wounded roots at any time from April 2 to November 3, 
inclusive (Table 1, Cla^ss 3). The percentage of trees becoming infected was 
greatest in those inoculated during the period between May 25 to September 1, 
inclusive. Further, there was great variability in the extent of invasion 
resulting from inoeulatio)! and infection at different times between April 2 
and November 1. Trees inoculated before buds began to swell and up to 
the time new shoots had reached 1 to 3 inches in length (the latter figures 
represent the maximum length of new shoots on trees inoculated on May 4) 
were mostly infected but seldom if ever severely diseased. Discoloration in 
the wood of sin^h trees caused by C, ulmi was always scanty and usually in the 
annual ring formed in the preceding year. The invasion, which followed 
inoculation and infection on and after May 25 until terminal growth of shoots 
had ceased (terminal growth was completed by July 1 to 15), was extensive 
and most of the trees were severely diseased; this is based upon leaf wilt, 
dieback, and fungous discoloration. Trees inoculated within the period 
between cessation of teiminal growth and early September often beca-me 
extensively invaded, as shown by fungous discoloration, but they died back 
very little and most of them grew well during the following year. Most of 
the trees inoculated in October and early November were infected but the 
invasion resulting was incipient. 

Data given in table 1, classes 3 and 4, show that inoculation of trees on 
different dates did not significantly affect the incidence of infection through 
different kinds of wounds, exceiit for root wounds. For example, spores 
introduced into fresh slanting cuts on different trees, on June 24 and August 
12, by atomizing them with spores, resulted in equal numbei*s of infected 
trees on the 2 dates. Infection results obtained from introducing spores 
into other kinds of wounds in these classes, by the same method, are similar 
and they substantiate tlie statement that the date of inoculation, or rather 
the growth stages (within the date limits of these inoculations) did not 
greatly influence the incidence of infection. However, there w^as great 
variability in the extent of invasion following inoculation and infection of 
trees during the different months. In general, extreme invasion, followed by 
severe dieback, resulted from introducing CeratostomelU ulmi into any kind 
of wound on aboveground parts (except bark wounds that did not reach the 
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wood, wounds on leaves, those on succulent parts of green shoots, and exposed 
leaf traces) during the active growth period of the trees. Subsequent inocu¬ 
lations done imtil tlie end of August generally resulted in less extensive 
invasion and tlie trees seldom died back. Invasion of such trees also was 
variable, as shown by discoloration, and depended to some extent upon the 
kind of w^ound used as an infection court. Invasion was more extensive 
when the inoculum was introduced through slanting cuts in trunk and 
branches, broken branches, fresh pruning wounds, and Scolytus multi- 
stfiatm feeding wounds than it was when the inoculum was introduced into 
wounds made by twisting branches, into leaf traces, wounds on leaves, and 
into other wounds which exposed but did not injure the xylem elements. 

Humidity 

In all wound experiments, except those involviiig root wounds, some trees 
from each wound-group were placed on greenhouse benches immediately 
following inoculation, and their foliage and branches were always kept dry. 
Other trees from the same groups were held in a greenhouse moist chamber 
for 10 days immediately following inoculation and then removed and placed 
on greenhouse benches; thereafter, their foliage and branches also were kept 
dry. The relative humidity maintained in tJie moist chamber ranged pre¬ 
dominantly frojiij 85 to 98 per cent, while that of the greenliouse, with ven¬ 
tilators constantly open, ranged predominantly from 40 to 80 )>ej* cent. 
Wounded tissue on trees held in the moist chamber remained moist througli- 
out the 10-day treatment, while that on trees in the open greenhouse rapidly 
became dry. Infection was obtained more frequently in trees placed in the 
moist chamber than in those exf)osed constantlj^ in the open greenhonse. 
This difference was evident in all experiments involving the introduction of 
Ceratostomella ulmi spoi’es into different kinds of wounds, on aboveground 
parts, which were most suitable for entrance of the fungus. These inocula¬ 
tions were made from May through August. The moist-chamber treatment 
did not appear to influence the extent of invasion, since trees becoming 
infected under this condition were invaded to about the same extent as those 
held under drier conditions. 

The moist-chamber treatment very markedly affected the ability of Cerato¬ 
stomella ulmi to fruit in the wounds. On* trees exposed in the moist chai^ber, 
coremia were present in all types of wounds made on aboveground parts, 
except those made on leaves and on succulent parts of greeii shoots, but 
there were none in those wounds on trees held constantly in the open green¬ 
house. 

KELATION OF WOUND HEALING TO INFECTION 

It has been shown that infection may result from introducing Cerato¬ 
stomella ulmi spores into many kinds of wounds freshly made on small elms. 
To study the relation of wound healing to infection, spores were introduced 
into wouiuls after varied periods of aging and healing. Three kinds of 
wonnds were used: (a) slanting cuts made with a knife on stems and on 
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branches; (b) feedinj? wounds made by surface-disinfected Scolytus mxdiir 
striatus beetles; and (c) cuts made on roots by piercing the surrounding soil 
with a |-in. wood chisel. After the trees were wounded they were held 
outdoors to allow their woujids to heal under more nearly natural (;onditions. 
Trees having wounds on aboveground parts were moved into a cheesecloth- 
screened greenhouse just before inoculation, where tliey remained until cut 
and examined. Each tree was carefully examined before being inoculated to 
make sure that wounds other than those made for the test were not present. 

Some trees with beetle wounds and some with knife wounds were brought 
to the greenhouse and inoculated on the day wounds were made. Since 
beetles fed 3 days before being removed from the trees, some feeding wounds 
were as much as 3 days old when the first trees were inoculated. Thereaftei*, 
different trees with wounds were brought to the greenhouse and inoculated 
at intervals of 3, 6,13, and 27 days subsequent to the day they were wounded. 
Trees having w'ounds on aboveground parts were inocnilatod by atomizing a 
water suspension of spores direetly upon the wounds. Following inoculation, 
eacli group of trees was divided ; some of the trees were placed on greenhouse 
benches wliere their branclies and foliage were always kept dry; the others 
were held on benches in the same greenhouse and their branches and foliage 
sprinkled lightly with water twice daily for 7 days, after which they were 
treated like those always ke])t dry. 

By means of the soil-infestation method, some of the root-wounded trees 
were inoculated on the day wounds were made; others at intervals of 1, 3, 
7, 14, and 30 days subsequent to being wounded. After inoculation these 
ti'ees were held in an outdoor cage made of wire screen. 

All trees were wounded and inoculations completed within the period of 
tlieir active growth. Notes on wilt and dieback in each tree were taken at 
short intervals. The trees were eut in the autumn of the year they were 
inoculated, aiul eacli tree was examined in detail to ascertain the presence 
or absence of fuiigous discolonitiou. The isolation of CeratostomeUa ulmi 
from discolored tissue was used as the criterion of infection. 

The results definitely show’ that, for knife wounds and for beetle-feeding 
wounds, the chances for infection became progressively less as the interval 
allow^ed foj* healing of wounds was increased. All trees inoculated during 
tlie first 6 days were inft*<^ted and most of them wei*e extensively invaded, 
w’hile others inoculated at the end of the 13-day interval 'were likewise all 
infected but only 1 w^as extensively invaded. Infection was slight following 
the introduction of spores into w^ouuds after 27 days. The fungus gained 
entrance through only 20 per cent of the w^ounds into which spores were intro¬ 
duced at this time; the resulting discoloration from which CeratostomeUa 
ulmi w^as isolated showed that the fungus had progressed not more than 1 to 
2 cm. in tJie tissue around these w^ounds. Bxdefly, it ai^pears that beetle and 
knife wound^s made on small trees require somewhat more than 27 days for 
healhig to entirely prevent infection. Infection follow^ed by extensive inva¬ 
sion may be expected occasionally from the introduction of spores into 
2-weck-old wounds and frequently when the Avounds are less than 2 weeks old. 
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The effect of sprinkling was noticeable only in trees inoculated at the end 
of the 27-day interval. Khife-wonnded trees that were not sprinkled were 
not infected, while some of the sprinkled ones were. 

The results obtained from introducing Ceratostomella ulmi spores into 
root wounds of different ages were somewhat similar to those for wounds of 
different ages on aboveground parts. Root wounds up to 1 Aveek old mark¬ 
edly favored fungal entry; all trees were infected and most of them were 
extensively invaded. Trees with 2-week-old wounds were mostly infected 
but none were extensively invaded, while trees with 1-month-old wounds were 
not infected. 

SUMMARY 

Field observations show that coremia of Cerafostomella ulmi are often 
produced in various places on field and planted elms infected by this organ¬ 
ism, and on decadent elms apparently not infe(*ted by this fungus. Coremia 
in some of these places are sometimes fully exposed to the outside. 

In laboratory experiments, Ceratostomella nlmi spores were easily dis¬ 
lodged from fruiting structures by means of a water spray, but spores were 
not easily dislodged by means of dry air currents. 

During the summer months of 1937 and 1938 rainwater was collected from 
a total of 32 diseased field elms; water from 9 of these yielded Ccraiosfomella 
ulmi. 

Infection was easily obtained in potted American elms as a result of 
introducing Ceratostomella ulmi spores into fresh wounds that extended into 
the wood of roots, trunks, and branches. Infection also was obtained when 
inoculum was applied to the surface of wood freshly exposed but uninjured. 
Infection sometimes was obtained when spores were introduced into leaf 
traces, and into injuries on leaf midribs and succulent parts of newly formed 
or forming shoots; but the resulting invasion was always slight, and the trees 
did not wilt. Infection did not result from apidying spores to noii-wounded 
surfaces; neither did infection result from introducing spores into cortical 
wounds that did not reach the wood. 

Data are discussed sliowing that the aging and lieaiiug of wounds made 
on potted elms had a marked effect upon the entrance of Ceratostomella ulmi. 

Potted trees, inoculated at any time within their active growth period, 
were extensively invaded; many of them died back considerably. Trees 
inoculated before this period frequetitly became infected, but invasion by the 
fungus usually was slight. Trees inoculated after this period usually 
became infected, and some w’^ere extensively invaded; these died back very 
little or not at all. 

Infection occurred more frequently in trees, inoculated through w’'ounds 
on abdveground parts, w^hich were held under high moisture conditions, than 
in other trees similarly inoculated but held under drier conditions. Constant 
high moisture conditions favored the development of coremia in wounds. 
Department op Plant Pathology, 

Cornell Univebsity, 

Ithaca, New York. 
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ECOLOGICAL SPECIALIZATION IN THE STEM- AND BULB- 
INFESTING NEMATODE, DITYLENCHUS DIPSACI 
VAR. AMSINCKIAE^ 

G. H, Godfrey 
(Accepted for publication July 14, 1939) 

INTRODUCTION 

Steiner and Scott (10) have reported for various points in California the 
occurrence of a nematosis of AmsineJeia intermedia Fish, and Mey,, a very 

1 Published with the approval of the Birector of the Texas Agricultural Experiment 
Station as Contribution No. 534, Technical Series. 
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of Entomology and Parasitology, University of California, for laboratory faeilities, and 
for making possible the photographs reproduced herein; also to Br. G. Steiner, Bivision 
of Nematology, U. S. Bureau of Plant Industry, for critical reading of the manuscript 
and for advice on nomenclature. 
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cammon annual herbaceous wild flower of central California. The mature- 
plant symptoms are described as ^‘greatly enlar^ijed fruits, transformed by 
the parasite into obvious galls.It is stated that “All portions of the plant 
above ground may harbor the nema.’’ Observations made by the writer in 
the spring of 1933 and subsequently have disclosed that up to the end of the 
growing season there is no tissue infestation, except in the fruits. Leaves, 
bracts of various kinds, and stems are entirely free, except for occasional 
migratory larvae found only on the surface. This evidence of marked tissue 
specialization, unusual for Diiylenchns dipsaci, stimulated research into the 
nature of the relations of the nematode to the host plant. Consequently, in 
the spring of 1936, infested plants were studied in every stage of develop¬ 
ment from emergence to complete maturity. The results of these studies 
are here reported. Figure 1 illustrates the typical symptoms of the disease 
in the mature plant. 



Fig. 1. Typical galls in tlic,fruits of Amsmckia intermedia caused by the nematode 
Diiylenchns dipsaci var. amsmckiae. At x is shown a normal mature fruit with noraial 
seeds. The great enlargement of the diseased fruits is manifest, x 1. 


LITERATURE REVIEW 

There are 316 species of plants representing 40-odd families, listed a»s 
hosts of Diiylenchns dipsaci, in the files of the Division of Nernatology, IT. S. 
Department of Agriculture. The general symptoms, applicable to all its 
hosts are “more or less localized deformations of stem and leaf tissues giving 
rise frequently to separate or confluent galls, especially on dicotyledonous 
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plants’^ (Goodey, 7). The g:all tissue or gall-like tissue is pronounced in 
some host plants, such as Taraxacum and Hypochaeru (2, 4), where it is 
found in both inesophyll and veins of the leaves; in clover (8, 9), alfalfa 
(3), and other legumes, in which stems are likewise swollen; in strawberry 
(8), where leaves, stems, and fruits are often greatly swollen and distorted; 
in Narcissus and hyacinth (7), where the swellings early occur as somewhat 
yellowish ^‘spikkels’’ that can be felt between the thumb and fingers and 
that then chiefly characterize and differentiate the disease from other yel¬ 
lowing diseases. This symptom, however, is conspicuously lacking in some, 
even severely infested, host plants, e.g,, garlic and parsley (5, 6), in which 
the recognizable symptoms are dwarfing of the plant and necrosis of heavily 
infested tissues. 

In no case has there been reported evidence of any sharp selectivity, by 
the nematode, of particular tissues for infestation. The infective nematodes 
in a favorable environment enter any succulent tissues, and, without much 
migration there, forthwith begin their parasitic existence and promptly 
reproduce their kind. In some host plants, there is a certain degree of 
selection of the floral orgauvS for the late-season propagation of the over¬ 
wintering generation of nematodes. This applies to Hypochaeris radicata 
L. and Taraxacum officinale Weber (2), in which a distortion becomes evi¬ 
dent at the base of the inflorescence, where the nematodes are present in 
abundance. From this region, some of the larvae actually enter the seed 
capsule, where they lie adjacejit to the seed, later to become wind-dissemi¬ 
nated. But, even in these hosts, considerable multiplication of nematodes 
occurs within infeste<l loaves. 

THE distribution of NEMATOSIS OF AMSINCKIA 

The nature of the relation of any parasite to its host bears importantly 
on the dissemination and geographic range of the parasite and the disease 
induced by it Incidence of nematosis of AmsincJcia is of a scattered distri¬ 
bution. Steiner and Scott (10) report that up to September, 1934, the 
disease had been seen only from Winters, Woodland, Planada, and Monti- 
eello, California, loci confined to the interior valleys. The writer has since 
found it near Dixon, in the Sacramento Valley. The most marked infesta¬ 
tion, however, was observed in a limited area beside the highway 15 miles 
south of San Jose, in the Santa Clara Valley. Here the degree of infesta¬ 
tion every year ranges from that of a few scattered marginal plants to 
almost 100 per cent of those occupying the center of the area. Heavy stands 
of AmsinMa one-half mile north are entirely free, and, for a distance of 24 
miles south, no further infestation was observed. 

Nematosis of A nisincJcia apparently is not widespread through the range 
of the host plant, but is limited to relatively small infestation foci of un¬ 
known origin. Obviously, the mode of dissemination of the parasite in this 
host does not facilitate its rapid and continuous spread. 
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THE HOST-PARASITE REIiATIONSHIPS OF BITYLENCHUS 0JPSAOI 
VAR. AMSINCKIAE 

As stated by Steiner and Scott (10), infested fruits are filled with nema¬ 
todes in every stag:e of development. Most of the adults are dead by the 
end of the growing season; the majority of the eggs are hatched. The con¬ 
tents of mature, hard, and somewhat dry infested fruits consist of a dry 
cottony mass of immobile larvae only partly filling the gall cavity. Within 
30 minutes after moistening, the swollen mass of larval worms becomes 
active. The writer has estimated by aliquot-part methods that an average- 
size gall may contain in round numbers 180,000 nematodes. Sixty per cent 
of these are in the resting stage of development, mostly living; 34 per cent 
are younger larvae, all inactive and probably dead; and about 2 per cent 
are dead adults. Of 50 adults picked at random, 62 per cent were females 
and 38 per cent males. The random gall for this count had been 5 months 
on a laboratory shelf. 

In nature one might expect a like reactivation of dormant larvae during 
moist weather. Following rain or during heavy fog, when the dried plant 
has absorbed considerable moisture, many of the dormant nematodes regain 
activity. Some of the galls are open at the top or are slightly cracked 
laterally, thus permitting many larvae to find their way to the surface, and 
thence down the stem. Numbers of them have been found among the leaf 
hairs along the stem, in leaf and branch-stem axils, in undeveloped flowers, 
and at times even within the hollowed dry stem beneath the inflorescence. 
During the summer, the dead plants fall to the ground. Most of the nema¬ 
todes thus reach the soil on the spot, still protected during the summer and 
succeeding winter by the tough gall tissue. 

As a rule only a small proportion of the flowers are infested. The 
plant, therefore, matures a large crop of normal seed. These likewise fall 
to the ground within the zone of infestation. Thus, for the next season, 
there has been provided a nearly normal yield of host-plant seed and an 
abundance of overwintered larvae ready to enter upon their parasitic ex¬ 
istence. Here we have evident a highly specialized type of parasitism—one 
in which the population of the host plant is not endangered, yet the condi¬ 
tions are ideal for the propagation of a continuous population of the 
parasites. 


Primary Infestation 

In the first studies on this problem, seed of Amsinckia intermedia were 
germinated in Petri-dish moist chambers, and large numbers of infective 
larvae were released among them. Even after several days, no invasion 
of the young seedlings could be detected. Larvae were to be found on the 
surface of the seedlings, at the junction of the two cotyledons and in the 
region of the young growing point, but never within the tissues. Thus, 
unless some phase of the environment was distinctly adverse to infection, 
primary penetration of the host plant did not occur in the same manner as 
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with other strains of Ditylenchus dipsaci-^m in Bypochaeris and Taraxa¬ 
cum, for example (2), or in clover (9) and alfalfa (3). In all of these, 
primary penetration takes place even in the cotyledons of the very yonng 
seedlings and, subsequently, into the interior of developing leaves and 
petioles. 

In the early spring of 1936, the known center of heavy infestation south 
of San Jose was searched for young seedling plants of Amsinckia, On 
January 26, a dozen or so plants var>4ng from 3 to 6 inches high were re¬ 
moved from the field and transplanted to pots in the University greenhouse 
at Berkeley. These grew well and, subsequently, they showed typical cases 
of infestation in the inflorescence. With the first collection, some of the 
plants were carried in moist jars to the laboratory. No evidence of inva¬ 
sion of the host-plant tissues was observed in stem, leaves, or bracts. In 
numerous cases, however, groups of infective larvae were found lying be¬ 
tween the very young leaves surrounding the growing points. Both termi¬ 
nal and lateral growing points w^ere found so infested. Figure 2, A, shows a 
typical case of such infestation before any sign of a developing inflorescence 
is evident. Figure 2, B, is a photomicrograph of a longitudinal section 
through a growing point a day or two older than that of figure 2, A. Sec¬ 
tions of nematodes are evident among the leaves. None has penetrated as 
far as the inflorescence in the center. The method for demonstrating the 
pi’escnce of the nematodes in these figures and the two following was that 
of killing with an osmic-acid-containing fluid, followed by dehydration and 
clearing in clove oil, as described elsewhere by the writer (5). 

In a collection made one week later, the inflorescence of the plant was 
evident in the terminal growing point. Examination of some of the floral 
buds showed nematodes penetrating individual flowers, usually basal ones. 
Figure 2, C, shows an entire inflorescence just emerging from the leaves at 
the growing point, with a group of larvae entering a single flower, not 
through, but between the sepals and petals. Figure 2, D, shows a longitudi¬ 
nal section 12 p thick through a flower bud in a similar stage of develop¬ 
ment. The nematodes lie between the flower parts but in no case within 
the tissues. While no mechanical injury to flower parts is evident at this 
stage, there is indication that some feeding on the part of the larvae has 
occurred. They have definitely increased in size, and the gonad tissues 
have elongated and become multicellular. 

Subsequently, at weekly or bi-weekly intervals throughout the period 
of growth of the plants, collections were made, and the mutual relations 
between the infesting nematodes and the developing host plant were studied. 
At every collection, some of the material taken directly from the plant was 
killed at once in Flemming’s strong killing fluid or in formol-acetic-alcohol 
and later processed for imbedding in paraflSn, and sectioned. Another 
portion was taken to the laboratory for examination. Figure 3 shows an 
entire series of collected flowers representing stages of infestation from in- 
cipiency to the completely developed gall, with a normal inflorescence for 
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Fig. 2. A. Nematode infestation of the growing point of Amsinohia intermedia. 
The nematodes lay among the leaves surrounding the growing pointy but had not pene¬ 
trated any of the host tissues. They are stained black at ncm. x about 24. B. Longi¬ 
tudinal section through a growing point at a stage somewhat later than that in A. Sec¬ 
tions of nematodes are evident among the leaves. Note the very young indoresconce, not 
yet roaohed by any of the nematodes, x about 40. C. Single terminal indorcscence with 
a group of nematodes, nein, entering a single basal flower that was in just the right stage 
for penetration, x about 24. B. Longitudinal section through two adjacent flowers in 
development as shown in C. Note the sections of nematodes be¬ 
neath the petals of the flower. No development of gall tissue had occurred, x about 40, 
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comparison. The sectioned material was stained in part with Flemming’s 
triple stain, but mostly with alcoholic haematoxylin adjusted to pH 1.36 
according to the method described by Craig and Wilson (1), This method 
gave excellent results not only in parasite-host diflferentiation but for the 
study of nuclear phenomena in host and parasite tissues as well. Figures 
2, D, 4, A and B, and 5, A and B, present the sequence of events in the 
development of the gall. 

Once the nematodes are established beneath the petals and in the cavity 
surrounding the very small pistil, there immediately ensues a remarkable 



Fig. 3. Different stages of development of fruit galls in Amsinckia intermedia* 
tt, ii very young infioreseence, with a single flower infested; h, a similar inflorescence with 
all flowers, including on infested one, more advanced; c» a double inflorescence, with one 
flower in each infested; d, the single infesbnl flower greatly enlarged by nematode infes¬ 
tation; e, a single infest<‘d flower, detached, approximately fully developed, as it appears 
at the end of the growing season; /, same as e, sectioned longitudinally, to show the in¬ 
terior infested region, with the slightly darkened infested tissues accentuated with a 
stain; a normal double terminal inflorescence, the oldest flowers having attained their 
maximum size, x about 1^. 


variation from the normal course of floral development. Stimulated by the 
parasites, an immediate and pronounced hyperplasia of the floral organs 
surrounding the nematodes takes place. The highly nutritious food ma¬ 
terials that normally go to seed production are now diverted to this ab¬ 
normal growth, making for the production of a true gall tissue, and this 
serves as the medium upon which the nematodes feed. They develop 
quickly into (iomplete sexual maturity and enter at once upon a period of 
intensive reproduction. The petals, normally only 4 or 5 cells thick, become 
many times as thick, and they grow in length also. The stamens and 
anthers soon lose their identity and become a part of the hyperplastic 
tissue. Within a few days, the nematodes are completely encased, not by 
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virtue of tbeir penetration into any part of the flower or fruit tissues, 
but because of the growth of these parts around them. Figure 4, A, shows 
a single flower in this condition, with the sepals of the calyx still identifi¬ 
able as such, but with the interior parts of the flower abnormally developed 
in size and form and completely surroundiiig the nematodes. These origi¬ 
nal-invading nematodes are now fully developed, and, as shown by micro¬ 
scopic examination, are just reaching the stage of reproduction. They are 



Fig. 4. A. Longitudinal section through a flower about a week older than that 
shown in figure 2, B. The nematodes, shown at x, (sectioned), have attained approximate 
adulthood, but no eggs have been deposited. The presenee of the nematodes has stimu¬ 
lated rapid increase in host cell growth in all parts of the flower, but particularly the 
earpellary region, x 37. B. Developing fruit gall a few days older than that shown in 
Large numbers of eggs have been deposited, and are to be seen surrounding the sec¬ 
tions of the adult nematodes. The hyperplasia that lias occurred in the host tissues has 
completely surrounded the mass of nematodes. C, calyx of the flowerj p, abnormal petal; 
hpp, hyperplastic growth in the earpellary tissues of the flower; fiem, adult nematodes; 
eggs. X 50. 

gorged with food, and the greatly enlarged sexual organs are reflexed to 
nearly a quarter of their total length in extreme cases. A typical gall in 
this stage, about 2 mm. in diameter, contained 7$ and 8cf nematodes. 
Large numbers of eggs are produced and deposited within the cavity of the 
gall. The eggs, apparently without any rest period, begin the usual cell 
divisions; in a few days larvae appear within the cavity in abundance. A 
gall in the stage represented by figures 4, B, and 5, B, contained 9 $ and 8 cf 
adult nematodes^ scores of larvae in different stages of development up to 
about one-half the length of the adults, and hundreds of eggs. The larvae 
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begin active feeding immediately and quickly grow to maturity. This 
second generation of mature male and female nematodes, many times the 
original invading population in number, start reproducing without delay. 
Just prior to the ripening and hardening of the plant, thousands of eggs 
are to be found within the cavity of the gall and deep in the smaller cavities 
extending into the wall. 

Meanwhile, the gall has continued to enlarge greatlj'. Hyperplastic 
strands of small, sometimes irregularly attenuated cells, are evident in 
different regions surrounding the locule of the gaU in the carpellary region 
at its base, in the lateral regions, where the gall tissue involves even some 
of the calyx cells, and even in the apical region. Sometimes uninjured cells 
of such strands may be recognized immediately adjacent to nematodes free 
in the locule. In general, however, most of the cells adjacent to the locule 
are collapsed and show evidence of having been the source of nutriment 
of the nematodes. The frequency with which cell nuclei undergo division 
indicates rapid growth of the hyperplastic tissue. 

As the plant becomes completely mature, with drying of the stem and 
cessation of growth in the growing points, the eggs hatch and the larvae 
feeding upon the remaining nutritive material in the walls of the gall 
(which becomes permeated by them) attain the secondary larval stage in 
which they survive through the resting period. At this time adult nema¬ 
todes are still to be found, as well as many newly hatched larvae. The 
predominating form, however, is this true resting stage, which is very uni¬ 
form as to size and stage of development. Examination made in September, 
1936, showed that in 3-year-old material, all the older and younger nema¬ 
todes had perished leaving only this one stage capable of resuming activity. 

In the surviving stage sexual differentiation was already evident, as 
shown by the positions of the 3-celled gonads. The alcoholic haematoxylin 
stain at pH 1.36, heretofore mentioned, followed by clearing in clove oil, 
clearly disclosed their position. This position of the gonads was recorded 
in a random group of 74 lan^ae in terms of percentage of total length from 
the anterior end of the nematode. In one group of 36 individuals ($) the 
position averaged 54 ±: 2 per cent; in the other group of 38 (c?*) it averaged 
77 ±: 2 per cent. Thus, the sex ratio in this random lot was almost exactly 
Itol. 

These nematode-host relationship studies have clearly shown that during 
the growing season of the plant, the nematodes complete two full life cydes, 
commencing with the resting stage. 

ECOLOGICAL SPECIALIZATION IN DITTLENCHtrs WPSAOI 

A comparison of host relations between the very highly specialized 
strain Ditylenchus dipsaci var. amsinchim, on the basis of the studies herein 
presented, and the somewhat differently specialized strain fonttd in By- 
pochaeris radicata L. reveals the extent to which ecological spedalization 
may occur within this plant parasitic species of nematode. 
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Overwintering of the Nematodes 

In Hypochaeris, the nematodes survive the winter mostly within the 
hardened but still green and living overwintering leaves of the plant. In 
Amsinckia, winter survival is within the hard, dry, non-living galls pro¬ 
duced by the over-grown floral parts of the plant. 



Pio. 5. A, Tiumattiro gall dissected partly open to show a, the mass of nematodes, 
adults, larvae, and eggs, in the interior; h, the fairly normal api^earance of the calyx; o, 
the gall proper, many cells thick, completely surrounding the nematodes, the petals and 
other flower parts having completely lost their identity; d, a normal flower of about the 
same stage of development., B. Longitudinal section through two adjacent infested flow¬ 
ers, showing in the interior, sections of the original invading nematodes, now adult, and 
eggs and larvae of a new generation, x 30. 
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Host-plant Infestation 

Invasion of succulent leaf and floral tissues, with resulting distorted 
growth, is common in Hypochaeris, The gall-like swellings are to be found 
throughout the year. None whatever of this kind of invasion of tissues is 
to be found in Amsinckia. 

Nematode Life Cycles 

Within the gall-like leaf swellings in Hypochaeris, at any time in the 
year nematodes are to be found in all stages of development. There are 
no clearly differentiated generations to be detected, except those connected 
with the floral parts. In Amswckia, there are 2 distinct generations, and 
only 2. 


Primary Early Spring Infestation of the Floral Parts 

The two plants are alike in that infective larvae are available from the 
over-wintering source for infestation of the floral pails as soon as they ap- 
I)ear. In Hypochaeris they are washed or they actually migrate down¬ 
ward to the center of the plant rosette. Here the tender succulent buds 
appear early. The infective larvae migrate between the inflorescence bracts 
to their points of attachment, where they penetrate directly into the pith 
region at the top of the stem and beneath the plate upon which are attached 
the florets of the inflorescence. This normal path of entrance in Hypochae- 



Fig. 6 . A. Inflorescence of Bypoohaeris radicata showing early stage of invasion 
by the nematode Ditylenchus dipsacL The path of entrance is not through the individual 
flower, as in AmsincMa, but between the bracts of the inflorescence, and thence by actual 
penetration of the tissues, into the pith region beneath the inflorescence. nematodes, 

y about 25. B. A later stage of infestation in Bypochaeris radicata. The cavity in this 
case is produced entirely by the mechanical activities of the nematodes, and not by any 
growth reaction on the part of the host plant, x about 25. 
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ris is illustrated in figure 6, A. In this region of primary infection the 
larvae migrate freely, feed upon and destroy the cell contents, mature 
promptly, and reproduce. The mature adult nematode stage is shown 
in figure 6, B. The young migrate upward while feeding upon the par¬ 
enchyma cells of the stem. This new generation of infective larvae, at just 
the right stage of development of the florets, penetrates the seed coat at 
its base and becomes established in a temporary resting stage next to the 
uninjured seed. With Amsinckia, as shown previously in this paper, in¬ 
festation of the flower is by external migration among the leaves of the 
growing points and between the petals of the developing flower, eventually 
becommg localized within the flower. This is followed by hyperplasia of 
the floral parts completely enclosing the nematodes. 

Modes of Dissemination. Herein lies one of the most striking differences 
between these 2 highly specialized strains of Ditylenchus dipsaci. In Hy- 
pochaeris, dissemination takes place by means of the wind-blown pappus¬ 
bearing seeds. Details of proof of this have been presented heretofore 
(2, 4). This results in widespread distribution of the neraatosis produced 
by this strain. It occurs more or less uninterruptedly from Puget Sound 
to San Francisco Bay and in many parts of Europe and probably Asia. 
With Amsinckia, dissemination in nature depends entirely upon the surviv¬ 
ors of the nematodes from fallen galls. The range of Amsinckia nematosis 
is correspondingly limited to small loci of infestation. 

SUMMAET 

The plant infesting nematode, Ditylenchus dipsaci var. amsinckiae, in 
its manner of producing galls in its host plant Amsinckia intermedia Pisli. 
and Mey., displays a remarkable specialization in the selection of host tissues 
invaded. In this respect it differs strikingly from other strains of Ditylen¬ 
chus dipsaci. Primary infestation of the plant is among the leaves sur¬ 
rounding the growing point, whence it enters the developing flowers. 
Entrance is gained not by direct tissue penetration, but by migration be¬ 
tween the floral parts to the space adjacent to the ovary. Here their 
presence stimulates active hyperplastic growth of the floral parts, result¬ 
ing in complete enclosure of the nematodes and the formation of a gall 
much larger than the normal fruit. Within this developing gall the 
nematodes feed and pass through two complete life cycles, eventuating in a 
tremendous population (as many as 40,000 in a single gall) of sexually 
differentiated resting-stage larvae. The firm leathery gall, fallen to the 
ground, serves as a protection to the nematodes until the advent of the 
next gromng season, when they are available to initiate new infections in 
the seedling plants. There being no provision for widespread dissemination 
of the parasite, infestations of the plant are distinctly localized. The com¬ 
parison is made between this manifestation of highly specialized host- 
parasite ecological relationship, and that occurring with the same species of 
nematode in Hypochaeris radicata. In the latter, direct tissue penetration 
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occurs, with development of gall-like swellings in leaves and floral parts, 
and in addition the seed capsules are penetrated, and the nematodes are 
disseminated by means of the wind-blown pappus-bearing seed. This re¬ 
sults in widespread distribution of the Hypochaeris strain of the nematode. 

Texas Agrioultural Experiment Station 

Agricultural and Mechanical College of Texas 
Lower Rio Grande Valley Substation, Weslaco. 
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BROWN BLIGHT OP LETTUCE 

Ivan C. Jaooeki.* 

(Accvptcil for publication July 25, 1939) 

INTRODUCTION 

This paper is a preliminary report on the brown blight of lettuce, record¬ 
ing investigations carried out in the Imperial Valley of California from 1922 
to 1927. In the fall of 1922 the witer began the investigation of this new 
disease of lettuce in the Imperial Valley of California. At that time lettuce 
production in this section was relatively a new industiy, and the disease was 
threatening to seriously curtail production. 

Brown blight was apparently unknown until lettuce culture became im¬ 
portant in the Imperial Valley. In a few years it increased rapidly and 

^Late Senior Pathologist, Division of Fruit and Vegetable Crops and Diseasi^i 
Bureau of Plant Industry, IT. S. Department of Agriculture. 

2 The manuscript of this article, as prepared by Mr, Jagger, was apparently never 
considered by him to be a complete or conclusive treatment of the subject. It was foimd 
among his records after his death and is published essentially as originally prepared sev¬ 
eral years ago because it presents the only known detailed description of the disease^ 
together with other observations of historical importance and technical interest. These 
circumstances must be kept in mind when judging the article in the light of present 
knov^edge. 
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was called to the attention of State and Government pathologists by local 
growers in 1917 or 1918. D. G. Milbrath® made observations on the trouble 
in the field and recognized it to be an undescribed disease, but did not 
publish on it. Since 1922 several popular accounts of the disease and its 
investigation have appeared in local newspapers and various agricultural 
publications. 

COMMON NAME 

When investigations were begun in 1922 various names were locally ap¬ 
plied to the disease, but the general term ‘‘sick^’ or “ diseasedlettuce was 
most frequently heard. In conferring with Imperial Valley people the 
name brown blight^’ was hit on, and was proposed in an article published 
in local newspapers in February, 1924. It is now quite generally used. 

DISTRIBUTION 

So far as known the disease occurs only in California and Arizona. In 
California it is very destructive in the Imperial Valley. Occasional possibly 
affected plants have been found in Orange, Los Angeles, and Salinas 
counties. If it does occur in these counties, it is increasing mucdi more 
slowly than in the Imperial Valley and is of no economic importance at 
present. In 1925 it was noted in Arizona in the vicinity of Yuma and 
Phoenix, threatening serious injury in the former section, but apparently 
developing less rapidly in the latter. 

noST PLANTS 

Brown blight is known to attack only lettuce {Lactnca sativa L.). A 
large number of crops and many species of weeds have been observed mak¬ 
ing normal growth on soil so severely infested that 75 to 100 per cent of the 
comparable adjacent or preceding crop of lettuce was destroyed. Crops 
observed include garden pea, cowpea, cotton, cantaloupe, carrot, alfalfa, 
barley, grain sorghums, red table beet, and endive {Cichorium endivia L.). 

DESCRIPTION 

Seedlings are never affected until they have developed 4 or 5 leaves each, 
but, thereafter, plants are attacked in all stages of growth. On severely 
infested land, seedlings nearly always appear entirely normal until after 
thinning. Symptoms depend on the stage of growth at which the plants 
are attacked. 

When attacked while small the first symptom is the appearance of small, 
light yellow, discolored spots in the young expanding leaves at the centers 
of the plants (Pig. 1). The yellow spots are very distinctive and seem to 
be an unmistakable symptom of brown blight. At first the spots are almost 
indktiixguishable in bright sunlight, but can be readily seen on shading the 
plants. As the leaves expand the spots enlarge somewhat and the leaf areas 
between become sickly yellowish green. These and all subsequent leaves 

3 Plant pathologist, State Department of Agriculture, Sacramento, Calif. 
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Fig. 1. A. Lettuce leaf, showing light yellow specks, the first symptom of brown 
blight. B. Healthy leaf. 


are much reduced in size and tend to lie fiat on the ground, i)rodueiiig small, 
much stunted, rosette-Hke, discolored plants, which are very conspicuous in 
the field (Pig. 2). Sometimes the older leaves at the base, fully expanded 



Fm. 2. Lettuce field, showing brown-blight infested area in center foreground with 
diseased discolored, much stunted plants in contrast with healthy plants in the lower 
corners and background. 













56 


Phytopatholooy 


[You 80 


when the plant was attacked, retain a healthy appearance for some time, 
contrasting strongly with the younger, stunted, discolored leaves above. 
Finally the stunted plants show a gradual browning and dying of the leaves, 
progressing upwards from the bases, and many plants are entirely dead 
before harvest. 

Plants that are attacked after the heads have begun to form first show 
dead, brown, irregular, disconnected, more or less sunken blotches and 
streaks in the leaves (Pig. 3). The brown dead tissues are firm and dry 



Fig. 3. Head of lettuce attacked by brown blight, with loose wrapper leaves on near 
side broken back, showing brown dead irregular blotches and streaks in several leaves. 


unless invaded by secondary soft-rot organisms. The dead areas are vari¬ 
able in size, shape, and distribution. They usually are associated with the 
midribs and larger veins of the leaves, but may occur between veins or along 
the smaller veins. The dead brown streaks sometimes extend into the vascu¬ 
lar tissues of the stem for a short distance, but are frequently confined to 
the leaves. In the loose wrapper leaves and the outer leaves of the head the 
lesions occur largely in the basal portions, but frequently extend well to¬ 
wards the tips in the covered leaves of the head. A large percentage of the 
leaves, or only an occasional leaf, may show lesions. A few of the outer 
leaves of the head usually show the most pronounced lesions, which become 
less prominent toward the center and are always absent from several layers 
of the smallet heart leaves at the center of the head. While these lesions are 






1940J 


Jaggeb: Brown Blight of Lettuce 


57 


developing, the general color of the plant gradually changes from dark 
green to a sickly yellowish green, the leaves and head become more or less 
flabby, growth all but ceases, and finally there may be a gradual browning 
and dying of the outer leaves. 

There are, of course, all combinations of the two sets of symptoms in 
plants attacked in intermediate stages of growth. Additional symptoms, 
which seem to be of a secondary nature, frequently occur. Heads attacked 
when nearly mature sometimes show a dark brown, moist, slippery condition 
of the small heart leaves. In early stages of the disease the roots appear 
to be normal; but in advanced cases, when the plants are stunted and gradu¬ 
ally dying, they show much discoloration and dying back from the tips. 
Affected plants are more readily injured by frost than healthy ones. Organ¬ 
isms, which cause soft rot or ‘‘slime,’’ obtain a foothold in the dead brown 
lesions of affected plants when conditions are favorable. 

In lettuce fields there may be only an occasional diseased plant, or there 
may be irregular areas from a few feet to several rods in diameter, within 
which essentially all plants are diseased. The more or less isolated infested 
areas where the plants are stunted and dying are very noticeable in moder¬ 
ately infested fields. In severe cases a high percentage of plants over whole 
fields may be affected. A considerable percentage of plants, destined to be 
affected, usually are attacked while small. An occasional crop, however, 
may show only a few diseased plants during the early part of the growing 
season and be severely attacked when nearly ready to harvest. 

All plants attacked before maturity are either dead or stunted, discol¬ 
ored, and useless at harvest time. Occasional plants, attacked when almost 
ready to harvest, appear to be normal on superficial examination and are not 
detected in harvesting and packing. Heads showing the characteristic dead, 
brown, irregular streaks and blotches on removing a few qhter leaves are 
sometimes found on the market. 

BROWN BLIGHT IS SOIL-BORNE 

The distribution and spread of the disease in fields is characteristic of a 
soil-borne trouble. Usually there is less than 1 per cent of diseased plants 
where lettuce is grown for the first time, but with continued cropping there 
is a rapid increase each succeeding year until 75 per cent or more of the 
plants may be diseased in the third or fourth crop of lettuce. Numerous 
cases have been observed where the disease was limited to a few isolated 
areas in a field, and in the next crop the disease was centered in the same 
areas, which were, however, markedly larger. • Of two fields separated only 
by a ditch or a fence, one often shows a high percentage of diseased plants^ 
usually where previous crops of lettuce have been grown, and the other, only 
a few feet distant, an unimportant percentage. 

In numerous experiments pots and boxes of soil from severely diseased 
fields or areas produced lettuce that showed nearly 100 per cent character¬ 
istic brown blight, while comparable pots and boxes containing soil from 
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healthy fields or areas or from uninfested regions produced disease-free 
lettuce. The disease developed fully as well in the coastal climate at Chula 
Vista, San Diego County, Calif., as in the decidedly different Imperial 
Valley, and all experiments of this nature were carried out there. In most 
of the experiments plants were grown in 6 -inch clay pots, usually 4 plants 
in a pot. Plants were somewhat crowded and undersized in later stages of 
growth, but grew sufficiently well to readily show brown-blight symptoms. 
When plants became an abnormall}’ yellowish color, indicating lack of nutri¬ 
ents in the limited soil, they were quickly brought back to normal by water¬ 
ing for a few days with water containing 0.1 per cent of NH4NO3 and 0.05 
per cent of K 2 HP 2 O 5 . There were never any indications of the disease 
being carried from diseased to healthy pots by insects or by soil splashed in 
watering, although diseased and healthy pots were adjacent in many cases. 

NOT ALKALI POISONING 

It has been repeatedly suggested that the trouble might be because of an 
excess of alkali salts in the soil, a supposition based apparently on the facts 
that brown blight, like alkali poisoning, oecuirs first in isolated areas that 
increase in size from year to year, and that alkali occurs in all known brown- 
blight-infested regions. Since germinating seed and small seedlings never 
are affected by brown blight, no other crops or weeds seem to be susceptible, 
and since the usual sjunptoms of alkali poisoning are lacking, alkali poison¬ 
ing seems precluded. In order to test definitely the alkali-poisoning theory, 
sufficient distilled water was leached through pots of infe.sted soil to reduce 
the content of soluble salts to a very small percentage of the original, as 
determined by the electrical-bridge method (1). There was fully as high 
a percentage of brown-blight-diseased plants in the leached pots as in 
untreated check pots. 

SOIL STERILIZATION DESTROYS CAUSAL A(JENT 

The close association of the disease with the soil suggests an organism 
pai'asitic on the roots. In order to throw further light on this possibility 
pots were filled with infested soil; a portion was sterilized by steaming 1 
hour under 10 to 15 pounds’ pressure; part was sterilized by drenching with 
40 per cent formaldehyde, diluted 1 part to 20 parts of water;, part was 
given no treatment. Lettuce was grown in all under like conditions. The 
combined results from 3 experiments were 58 healthy and 0 diseased plants 
in 15 steam-sterilized pots; 60 healthy and 0 diseased plants in 15 formalde¬ 
hyde-sterilized pots; and 2 healthy and 58 brown-blight-diseased plants in 
15 untreated check pots. 

ORGANISMS 

Attempts were made to isolate an organism from the brown dead lesions 
of older plants with no indications of success. Later, as a result of the soil 
experiments, the search was transferred to the roots. As already stated 
roots appear to be entirely normal in early stages of the disease but micro- 
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seopic and cultural examination shows a considerable number of fungi 
associated with them. A large percentage of the roots of lettuce and many 
other crops and weeds in Imperial Valley are heavily invaded by an organ¬ 
ism that is indistinguishable from the mycorrhizal fungus studied by Jones 
(5). This is fully as abundant in healthy as in diseased plants and appar¬ 
ently has no connection with brown blight. Several species of PythiumAik^ 
fungi were isolated from the roots of diseased plants and tested as possible 
causes of the disease, although studies to the present time indicate that the 
same species are associated also with the roots of healthy plants. 

Finally, a fungus, which seems to be Asicrocystis radicis de Wildeman, 
has been repeatedly found in abundance in the epidermal cells and root 
hairs of diseased plants, and has been found only rarely and in limited 
amounts in healthy plants. This fungus is widespread in Europe, where it 
has been recorded in the roots of many species of plants by de Wildeman 
(8), Marchal (6), Ducomet (2), Fron and Gaillat (3), and others. In most 
species the fungus seemed to cause no appreciable injury to the hosts. Dis¬ 
eases of flax, oats, and grasses, however, are attributed to it in the last three 
references, although entirely conclusive proof of a causal relation was ob¬ 
tained in no case. As in the European investigations, inability to grow the 
fungus in pure culture has made it diflScult to determine whether it causes 
disease in lettuce. At present, Asterocysth radicis can be mentioned only 
as a possible cause of brown blight of lettuce. 

SYMPTOMS SUGGEST A MOSAIC 

Browji-blight symptoms are suggestive of a transmissible mosaic disease, 
although the common mosaic disease of lettuce (4) is very distinct from 
brown blight. Unsu(*cessful attempts were made to transmit brown blight 
by the usual experimental methods of transferring insects and that of inject¬ 
ing juice from diseased plants, but that line of investigation was abandoned 
on discovering the soil relations of the disease. Further studios are now 
indicated, since brown blight is strikingly similar in many respects to the 
disease of wdieat and rye, shown by McKinney (7) to be a transmissible 
virosis, the causal agent of which is associated with the soil. There are no 
indications that the two diseases are identical, but they might well be of 
similar nature. 

CONTROL 

Crop Botation 

On account of lettuce culture being a comparatively new industry in 
infested regions, only limited data on the effect of crop rotation have been 
obtainable. It has, however, been conclusively demonstrated by the experi¬ 
ences of several growers that growing alfalfa or other crops besides lettuce 
for 3 or 4 years causes little or no reduction of infestation. In fact, general 
observations have in several cases suggested an increase in soil infestation 
during 1 to 4 years of crops other than lettuce, but the increase was much 
slower than with lettuce. 
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Avoiding Infested Land 

In the past, sufBeient acreage suited to lettuce has been available, so that 
serious losses have been largely avoided by constantly shifting to land where 
lettuce has never before been grown. In the Imperial Valley diseased plants 
can be found in nearly all fields, but there is usually less than 1 per cent 
where lettuce is being grown for the first time. Occasionally, there is suffi¬ 
cient disease in first-year lettuce to cause appreciable reductions in yield. 
Second-year lettuce usually makes a satisfactory crop; but, in general, there 
is a higher percentage of brown-blighted plants, and cases of economic losses 
are more numerous. Usually, third-year lettuce is so seriously injured that 
it does not make a profitable crop, although occasional third-year and even 
fourth-year crops show only limited disease. In the Imperial Valley it has 
become customary to grow two crops of lettuce on land, and then to pass on 
to land where lettuce has never been grown before. 

Careful counts were made in a first-year lettuce field of 10 acres that 
showed more brown blight than usual, and the next season similar counts 
were made in second-year lettuce on the same field to obtain information on 
rate of increase. A total of 4,000 plants in the first-year crop showed 3.7 
per. cent of brown blight, and the same number in the second-year crop 
showed 20.3 per cent of brown blight. In another case, which is perhaps 
more typical, there were only 2 (0.05 per cent) diseased plants among 4,000 
in first-year lettuce and 101 (2.5 per cent) among 4,000 in the second-year 
crop. In a second-year field of 20 acres, estimates as well as yields indi¬ 
cated that 75 per cent of the plants were aifected with brown blight. Many 
third-year fields have been observed where counts and estimates have indi¬ 
cated from 15 per cent to as high as 90 per cent of diseased plants. 

These data, as well as general observations, indicate that on land where 
a crop shows over 1 per cent of disease it is in general not advisable to grow 
another crop of lettuce. So far as is known at present it is not safe to grow 
lettuce on land where this crop has been gi'own in previous years and 
followed by other crops for several years. Occasionally crops are injured 
by brown blight in spite of every precaution to avoid infested land, since 
land that has never grown lettuce is sometimes infested, and since the previ¬ 
ous cropping may not be acurately known. 

RESISTANT VARIETIES 

In 1923 over 100 varieties of lettuce were grown on infested, land. As 
the number of plants was limited and the field showed areas of light infes¬ 
tation the results were not conclusive. Most of the varieties showed some 
brown blight, but the two varieties, Big Boston and Chavigne, were disease- 
free. Several linndred plants of these two varieties were grown on severely 
infested soil in 1924 and again in 1925 and made entirely normal growth, 
with no indications of brown blight, whereas check plants of the New York 
variety showed a high percentage of disease. It thus seems conclusively 
demonstrated that both varieties are highly resistant, if not entirely im- 
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mune. Several hundred second-generation hybrids from a cross between 
Chavigne and New York were grown on severely infested soil in 1924, and 
in 1925 gave healthy and diseased plants in ratios of approximately 3 to 1, 
thus indicating that resistance to brown blight probably behaves as a Men- 
delian dominant character. The obtaining of brown-blight-resistant strains 
of the New York type by selection from the hybrids seems possible, although 
progress in that direction is now overshadowed by the resistant selections 
from the New York variety. 

The brown-blight-resistant strains, obtained by selecting within the 
variety New York, seem to show no resistance to the obscure and so far un¬ 
important pathological condition designated as ‘^big vein/' Big Boston 
and Chavigne, however, seem to be resistant to or immune from both diseases. 
Commercially, these varieties are of little or no value in infested regions, but 
hybridizing with New York offers possibilities of obtaining New York types 
that are resistant to both brown blight and ‘‘big vein." 


Eesistant Strains of Variety New York 

In 1924 a field of badly diseased-lettuce was found where many of the 
plants showed marked indications of resistance (Pig. 4). One hundred 



Fio. 4. Parent plant of brown-blight-resistant lettuce. New York Imperial No, 2, as 
found in severely diseased field with all surrounding plants diseased or dead, Imperial 
Talley, 1924. 


promising plants were selected and seeded. As lettuce is largely seif-polli- 
nated, no precautions against cross-pollination were necessary, Prom each 
of the 100 lots of seed 26 to 100 plants were grown on infested soil in 1925, 
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Prom the time brown blight commenced to develop it was evident tlirough- 
out the season that a surprisingly large number of the selected strains 
possessed a pronounced degree of resistance. Commercial seed planted as 
a check show^ed a high percentage of brown blight in all parts of the trial 
area, 85.5 per cent of a total of 2,362 check plants being diseased. In 55 
of the selected strains there were no diseased plants throughout the season. 
It was hoped that some of these might prove to be entirely immune, but, as 
recorded below, all strains so far tested on a large scale on heavily infested 
soil have developed a small percentage of disease. Of the remaining 45 
strains nearly all showed indications of resistance. 

The field where the above selections were made apparently was jfianted 
with different commercial seed from that commonly used, and finding the 
field seems to have been a matter of good fortune, for it resulted in resistant 
strains being isolated and established almost immediately. The lettuce in 
this field seemed typical of the variety New York, although there were more 
sports and off-type plants than in most fields. Search for resistant plants 
had been made in many fields without finding anything of promise until 
this field was visited. At the time of making selections in this field, 35 less 
promising plants were selected and seeded in 3 other fields where there was. 
the usual absence of plants showing definite indications of resistance. When 
these 35 lots of seed were tested in 1925, there was no indication of resis¬ 
tance in 30, while the other 5 lots, though somewhat resistant, were other¬ 
wise worthless. 

Most of the selections made in the promising field were of the New York 



Fio. 5. Experimental planting, 1926. In center, a doable row from non-resistant 
commercial seed with over 90 per cent of the plants diseased and dying. On each side, 
a 2-aere block of selected resistant strains numbers 2 and 3 with less Qjan 0.5 per cent 
plants diseased by bro>vn blight. 
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type, although some sports and off-types were included. In the 1925 proge¬ 
nies some strains were extremely variable; others were unusually uniform. 
Of the highly resistant, reasonably uniform strains, several that differed 
appreciably from each other in minor characters were very similar to the 
New York variety. As soon as the 1925 plantings reached a stage where the 
commercial value of the different strains could be judged, the 3 most promis¬ 
ing were chosen for growing suflScient seed for commercial trial in 1926. 
The remaining seed of these strains, obtained from the 3 parent plants 
selected and seeded in 1924, was then planted in a favorable locality, and 
several pounds of seed of each strain were harvested in the autumn of 1925. 

In 1926,2 acres of each of the 3 resistant strains were grown in a severely 
infested experimental field, and smaller areas in several commercial fields 
where there was only a limited amount of disease. All 3 strains showed a 
high degree of resistance (Pig. 5). AD developed a small and commercially 
unimportant percentage of brown blight on severely infested soil, and also 
a small percentage of the obscure pathological condition designated as “big 

TABLE 1.— Percentages of diseased plants in trial plantings of selected hrown-blighU 
resistant strains of the New YorJc variety of lettuce and of commercial seed of the same 
variety in adjacent cheeJe rows, Imperial Valley, California, 19£C 


Row 

No. 

1 

1 

I Variotics and 

strains 

Counts made 5 to 6 
weeks before harvest 

Counts made a. few 
days before harvest 

Total 

plants 

1 Brown-blight- 
1 diseased 

1 plants 

Total 

plants 

Brown-blight- 

diseased 

plants 



Number 

! Per cent 

Number 

Per cent 


Severely diseased expert- 






mental field 





16 

Resistant strain No. 1 . 

3263 

1 0.08 

1251 

0.08 

17 

Commercial .... . 

1022 

i 69.77 

916 

92.47 

42 

Commercial 

1063 

78.27 

901 

90.46 

43 

Resistant strain No. 2 . 

1182 

0.17 

1167 

0.35 

82 

Resist^mt strain No. 2 

1210 

0.25 

1376 

0.33 

83 

Commercial , . 

1133 

76.10 

912 

94.80 

123 

Resistant strain No. 3 

1090 

0.55 

1169 

0.19 

124 

Commercial 

3311 

09.03 

1110 

92.07 

125 

Rc^sistant strain No. 1 

1191 

0.25 

1183 

0.25 


A commercial field — ^nd- 






1 year lettuce 





85 i 

1 Resistant strain No. 3 


1 

1350 

0.07 

86 ; 

Commercial. 



1427 

3.64 

93 ! 

! Resistant strain No. 2 ... 


i 

1266 

0.00 

94 

Commercial 



1438 

3.63 

97 

Resistant strain No. 1 .. 



1411 

0.00 

98 

Commercial . 



836 

5.03 

t 


Another commercial field 


1 ! 




— Snd-year lettuce 





61 

Commercial . 

958 1 

1 5.50 ; 



62 

Resistant strain No. 1 

1092 ' 

1 0.00 



71 

Commercial . 

1040 

0.58 



72 

Resistant strain No. 2 .. 

1081 

0.00 



81 

Commercial ... 

958 

0.63 



82 

Resistant strain No. 3 . 

867 ] 

1 

0.00 
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vein/’ The strains were very uniform in type but quite distinct from each 
other. Plants of all three types occur in nearly all commercial fields, but in 
the better commercial fields most of the plants are very similar to those of 
Strain No. 2. Strains 1 and 3 are of very doubtful commercial value, since 
they frequently fail to head as well as plants from commercial seed. Strain 
No. 2 gives promise of being a very satisfactory commercial lettuce for the 
Imperial Valley on either infested or disease-free soil. It has not been 
tested in other sections. The following table (Table 1) gives percentages of 
diseased plants in the 3 strains and in check plantings of high grade non- 
resistant commercial seed. 

The promising strain, No. 2, has been given the name Imperial No. 2. 
The demand for seed of this strain was becoming so great that it seemed 
necessary to turn the growing of seed into commercial channels. Stock 
seed, identical with that used in the 1926 trials, was turned over to two 
competing seed growers, who supply a considerable proportion of the seed 
used in Imperial Valley for growing seed crops during the summer of 1926. 

SUMMARY 

Brown blight, a new disease of lettuce, is causing increasing losses in the 
Imperial Valley of California and in parts of Arizona. It has been shown 
to be soil-borne. A root parasite is suspected as the cause, although the 
striking similarity of brown blight to the soil-borne mosaic disease of wheat 
suggests the possibility of a similar nature. Crop rotation gives little 
promise of control. Heretofore, losses have been largely avoided by grow¬ 
ing usually two crops of lettuce then shifting to land where lettuce has 
never been grown. Certain varieties are highly resistant or entirely im¬ 
mune, but are commercially useless in the infested regions. Through selec¬ 
tion from the almost exclusively grown, very susceptible variety New York, 
a highly resistant strain has been obtained which is coming into commercial 
use under the name Imperial No. 2. 

Division of Fruit and Vegetable Crops and Diseases, 

Bureau op Plant Industry, 

U. S. Department of Agriculture. 
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DITJENAL CYCLE OF SPOBE MATURATION IN CERTAIN 
POWDERY MILDEWS^ 


Jakes F. L. Chilss2.3 
(Accepted lor publication Aug. 4, 1939) 

INTK«DVCTI«N 

Massee’s* observations of Sphaerothcca humuU on vegetable marrow in¬ 
dicated that dissemination of conidia occurs principally at night. Hammar- 
lund® made extensive and detailed studies of the process of spore maturation 
in several powdery mildews. He reported that the number of conidia 
formed per day per conidiophore of Erysiphe communis (E. polygoni) 
varied from 1 to 6, and that the conidia were forcibly discharged a distance 
of 10 to 20 conidial lengths, but he reported no diurnal periodicity. Active 
discharge also was found by him in Sphaerotheca panngsa and other conidial 
chain forming Erysiphaceae. Yarwood* reported that E. polygoni on 
clover showed a marked diurnal cycle in several aspects of its development, 
and that each conidiophore formed 1 conidium per day, which was passively 
liberated about midday. 

In the conidial chain-forming powdery mildews Erysiphe ciehoraoearum 
and Sphaerothcca spp. Blumer^ has reported that the basal cell is the coni- 
dial-mother cell (generative cell). Poex’s® drawings of the evolution of the 
conidiophore of Sphaerotheca humuli, indicate division of the basal cell and 
also division of the ceU just above it. In the non-chain-forming powdery 
mildew E. polygoni, the generative cell is separated from the sporiferous 
hypha by a stipe cell.®- 


MATERIALS AND METHODS 

In this paper are reported studies on the diurnal cycle of morphological 
development of the conidiophores of Erysiphe cichoracearum DC. from 
Helianthus anmnis L., from Cueumis sativus L. and from Aster sp.; of 
Podosphaera leucotricha (E. and B.) Salm. from Pyrus mains L.; of Sphae¬ 
rotheca pannosa (Wallr.) Lev. from Rosa sp.; of Erysiphe polygoni DC. 

I The advice and assistance of Dr. 0. E. Yarwood, Division of Plant Pathology, Uni¬ 
versity of California, Berkeley, California, in the preparation of this paper is gratefully 
acknowledged. 

* Student Assistant in Plant Pathology, Division of Plant Pathology, University of 
California, Berkeley. 

s The assistance of non-technical employees of the Federal Works Progress Adminis¬ 
tration is acknowledged. 
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from Phaseolus vulgaris L., and of Oidium euonymi-japonioi (Areang,) 
Sacc. from Euonymous japonicus hi. 

Leaves recently infected with powdery mildew were gathered every 2 
hours over 24-hour periods at Berkeley, California. By folding the leaf, 
or cutting a narrow strip of the lamina, a row of erect conidiophores was 
obtained that was examined microscopically with a high power objective. 
For sunflower, cucumber, bean, and apple powdery mildews material was 
obtained from greenhouse plants; material for other mildews was from 
outdoors. 

The condidiophores studied were of 2 types reported by Blumer.® The 
E, polygoni (E, communis Wallr.) type are relatively simple in structure 
and consist of a basal cell, a generative cell, and one or two maturing 
conidia, depending on the time of day observed. This type of conidio- 
phore will be referred to herein as a non-chain-forming type. Conidiophores 
of the E, cichoracearum type consist of a more or less cylindrical stipe or 
basal ceU, 1 to 3 cylindrical cells above the basal cell, and a chain of from 2 
to 8 or more swollen conidia. This type of conidiophore will be referred 
to herein as a conidial chain-forming type (Fig. 1). Because of the vari- 



able number of cylindrical cells above the basal cell, and the variable num¬ 
ber of swollen cells above the cylindrical cells, a numerical method of desig¬ 
nating the various stages in the development of the conidiophore was 
necessary for recording the observations. The basal ceU was not considered 
in the final numerical records because it was relatively constant in length 
« See footnote 7. 
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throui^^hout the diurnal cycle. The cells distal to the basal cell were clas¬ 
sified according to a binumerical scheme: the first member of the binumeral, 
e.g, 3 + 2 (Fig. 1 at 12: Noon), refers to the number of swollen cells in 
a chain of conidia, and the second member refers to the number of cylindri¬ 
cal cells above the basal cell. The number of swollen cells of a conidio- 
phorc may amount to 10 or more, e.g, 8, pannosa on rose, but the number 
of cylindrical cells above the basal cell is rarely more than 3. Abstricted 
but still adhering spores (Fig. 1 at 12: Noon) are disregarded. 

The above observations were made during the summer months as fol¬ 
lows : Erysiphe cichoraceartun on sunflower, Sphaerotheca pannosa on rose, 
E. cichoracearum on aster, during the middle of July, 1937; and E, cickora- 
ceamm on cucumber, 8, pannosa on rose, Podosphaera leucotricha on apple, 
E. polygoni on bean and Oidium cuonymi-japonici on Euonymons in June 
and July, 1938. 

To supplement the information secured by the direct observation of 
living conidiophores, the diurnal cycle of conidiophore development was 
followed b}’' determining the number of spores liberated from infected leaves 
at periodic intervals, and by observations of the nuclei in stained conidio¬ 
phores. 

To determine spore liberation, young naturally infected sunflower 
leaves, excised and kept alive on 5 per cent sucrose solution, in Petri dishes 
and in a well lighted room, were removed i)eriodieal1y and snapped vigor¬ 
ously into a pint can, at the bottom of which a clean slide had been placed. 
It is believed that in the main, only conidia that have been abstricted will 
be dislodged by snapping. The number of conidia thus caught was de¬ 
termined microscopically. 

To determine the nuclear condition in the conidiophore, primary leaves 
of sunflower infected with Erysiphe cichoracearum were collected peri¬ 
odically from greenhouse-grown plants in December, 1938, and cut into 
narrow strips bearing rows of erect conidiophores. These conidiophore- 
bearing strips were then fixed in formalin-alcohol-acetic acid, stained with 
acid fuchsin in water and examined microscopically. 

RESULTS 

Diurnal Cycle of Sporulation as Shown by Microscopic Examination 

Examination of the stages of conidiophore development at 2-hour inter¬ 
vals during 24-hour periods reveals a definite diurnal cycle of maturation 
and abstriction of conidia in the chain-forming powdery mildews, E, cichora¬ 
cearum (Fig. 1, 2, Table 1), Sphaerotheca pannosa (Fig. 2, Table 2), and 
Podosphaera leucotricha (Pig. 2). Diurnal cycles of maturation and ab¬ 
striction of conidia also were observed in the non-chain-forming mildews, 
Erysiphe polygoni (Table 3) and Oidium euonynii-japonici (Table 4), 
With reference to E, cichoracearum on cucumber (Pig. 1, Table 1) the 
modal binumerical type (heavy type) was 6 + 2 at 6 to 8 a.m.; by 2 to 4 
p.m. it had decreased to 2 -f 2, due to the rapid abstriction of conidia during 
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Fig. 2, A graphical suimnary of the diurnal cycles observed for conidial chwn-fonn- 
ing powdery mildews and a comparison between the diurnal cycles of chain-f drming pow¬ 
dery mildews and a non-chain former^ Mrysiphe polygoni, uidium Bu^nymi^japonioi is 
not represented but is very similar to F. polyg^ni in sporulation diurnal cycle. Curves 
are plotted from the modal binumerical type for each mildew at each period of observa¬ 
tion. There is variation among the chain-formers, but none approach the simplicity and 
regularity of the cycle of the non-chain former, F. polygoni, 

the elapsed time. Prom 4 p.m. to 6 a.m. the modal bmmnerical type rose 
again to 6 + 2 due to the fomatiou of the succeeding crop of conidia. At 
the low phaae of the cycle, e,g., 2 p,m. to 4 p.m. (Pig. 1 and Table 1) the 
modal binumerical type was clearly defined, while at the high phase of the 
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cycle, e.g., 4 a.m. to 10 a.m., the modal type was less clearly defined owing to 
the presence of yonng conidiophores that were sporulating for the first time, 
and old conidiophores whose activity was waning. Hammarlnnd^* reports 
the life of a conidiaphore as 4 to 6 days for a number of Erysiphaceae. 
Similar diurnal cycles were observed for powdery mildews of rose, aster, 
sunflower, and apple (Fig. 2, Table 2). 

TABIiE 1.—INvrnoI cycle of maturation and abstrietion of oonidia of the cucumber 
powdery mUdew, Mrysiphe cichoracearum. Each number in the body of the table repre- 
senis the jmmber of conidiophores of the hinumerioal type indicated that were observed at 
the time indicated. The modal binumerical type for each period of observation is printed 
in heavy type. The dmrnal cycle of conidiophore development is graphically illustrated by 
the vertical fluctuation in hol&face numbers from 2 a.m. to IS p.m. 


No. of 
colls in 
conidio¬ 
phore 
oxclii- 


Diurnal cycle of maturation and abstrietion of eonidia 


- a.m. • 


-p.m. 


sive of 
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5 
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12 
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12 
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13 1 

13 

3 + 3 ' 
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, 11 
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3 + 2 
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1 2 

6 
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3 

2 

7 


21 ! 

27 

1 

5 


2 

2 + 1 
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1 1 
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4 1 
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i 1 i 
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1 1 
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14 
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1 

1 + 2 







1 

8 




1 

1 + 1 






1 ! 








Conidiophores of the Erysiphe polygoni type characteristically form no 
spore chains and have a diurnal cycle of sporulation that may be repre¬ 
sented by a more flattened curve (Tables 3 and 4). Only one spore, on the 
average, was abstricted during a 24-hour period as compared to 4 to 6 or 
more in the conidial-chain-forming powdery mildews observed. The cycje 
of sporulation found for E. polygoni on beans corresponded closely to that 
found for the same conidiophore type on Euonymous, and with that ob¬ 
served by Yarwood^' for clover mildew, though Yarwood’s data were pre¬ 
sented in a different form. Abstrietion of eonidia (Tables 3 and 4) started 
about 10 a.m. and was completed by 2 p.m .9 or soon thereafter. Active dis¬ 
charge of eonidia, as described by Hammarlund,'® was not observed in 

10 See footnote 5. 

See footnote 6. 
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TABLE 2. —Diurnal cycle of maturation and ahstriotion of oonidia of the powdery 
mildew of rose, Sphaerotheoa pannosa. Each number represents the percentage of the hi- 
numerical type indicated, observed at each period of collection and observation* The 
highest number for each observation period is printed in bold-face type* The diurnal cycle 
is illustrated by the vertical fluctuation in bold-face numbers from S a*m* to p,m* 


Diurnal cycle of maturation and abstriction of conidia 


•p.m. 


8 10 1 12 


No. of 
cells in 
conidio- 
pliore 
exclu- 
sive of 
basal cell 
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8 + 1 
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these studies, and abstricted eonidia were commonly observed adhering to 
the conidiophore. 


TABLE 3. —Diurnal cycle of asexual spore maturation and abstriction in bran pow¬ 
dery mildew, Erysiphe polygoni, a non-chain former. The numbers presented represent 
the actual numbers of each binumerical conidiophore type observed at each period of col¬ 
lection, The type most frequently observed is indicated by bold-face numbers 


No. of 
cells in 
conidio- 
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exclu¬ 
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Diurnal cycle of maturation and abstriction of asexual spores 
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TABLE 4:*—^Diurnal cycle of maturation and abstriction of conidia in powdery mU^ 
dew of Muonymous japonicue, a non-chain former. Data are preaented ae in table S 


No. of 
cells in 
coiiidio- 

i 

Diurnal cjclo of maturation and abstriction of 
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A graphical smnmarj’^ of the diurnal cycles of sporulation (Pig. 2) of the 
powdery mildews observed reveals that the ehain*forming powdery mildews 
Erysiphe cichoraccarum, Uphaerothcca pannosay and Podosphaera leuco- 
tricha are similar in that their high phase of eonidiophore development came 
about 8 a.m. and their low phase came about 2 p.m. The curve of conidio- 
phore development of the non-chain-forming E. polygoni and Oidium 
euanymi-japonici (Pig. 2, Tables 3 and 4) differs in height and in contour 
from the cui’ves of the conidial chain-forming mildews, while the latter 
differ among themselves mainly as to height of the high phase, as measured 
binmnerically. 

Diurnal Cycle of Spore Abstriction as Shown by Dislodgement 

of Conidia 

In Fig, 3 are recorded graphically" the results of spore-catching expeii- 
ments with Erysiphe cichoracearum. Between the hours of 10 a.m. and 
1 p.m. there was abundant abstriction of conidia, as is shown by the differ¬ 
ences between the count at 10 a.m. and that at 1 p.m. and by the rise in the 
line between those two points. The diurnal cycle of maturation and abstric¬ 
tion of conidia, which is indicated by these spore counts for the powdery 
mildew^ of sunflower, is substantially similar to the diurnal cycle obtained by 
microscopic examination, 

NUCLEAR DIVISION IN THE CONIDIOPIIORE 

Examination of the stained conidiophores of E, cichoracearum from sun¬ 
flower revealed the frequent occurrence of two nuclei in the basal cell, and 
of two nuclei in the cell above it. The results of counts of the frequency of 
occurrence of conidiophores with two nuclei in the basal cell and of conidio¬ 
phores with two nuclei in the cell above it (Table 5) indicate that nuclear 
division takes place in both cells but is the more active in the basal cell. 
These data suggest that botli the basal cell and the cell above it may func¬ 
tion as generative cells, as is indicated by Po&’s^® drawings. As many 
^2,Bee footnote 8. 
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■Pig. 3. Diurnal cycle of maturation of eonidia of sunflower powdery mildew, Ery- 
siphe cichoracearuin. Each point on the graph indicates the number of eonidia per low- 
power fleld per hour caught from the same excised leaves on 5 per cent sucrose. The leaves 
were snapped over a pint can at the bottom of which a glass slide had been placed. Each 
figure is based on from 125 to 175 microscope fields of 2.14 mm2. From loft to right an 
upward slope indicates abstriction of eonidia and a downward slope indicates cessation or 
absence of maturation and abstriction. 

as 4 nuclei in a single cell of a conidiophore have been observed, but this is 
considered unusual. 

No pronounced diurnal cycle is apparent from the data of table 5, but it 
is noteworthy that, at the time of the experiment (December 3rd), the num« 
ber of divided nuclei and recently divided cells observed for the daylight 
period (9 a.ra. to 6 p.m.) was more than double the number observ^ed for the 
night period. 

TABLE 5.— Nuclear and cell division of E, chichoracearum on greenhouse sunflowers^ 
Dec. 3,1938, The tabulated figures represent the number of conidiophores, out of approxi¬ 
mately too observed at each period, bearing the type of cell designated 


Time of collection of 
conidiophores 

Conidiophores with 2 
nuclei in 

Conidiophores showing • 
recent divisions in 

Basal cell 

Second cell 

Basal cell 

Second cell 

9 a.m. 

7 

8 

2 

8 

12 midnight . 

12 

6 

1 

10 

3 a.m.. 

13 

3 

3 

6 

6 a.m.. 

6 

3 

0 

7 

Total (for dark period) . . 

38 

19 

6 

31 

9 a.m. 

30 

19 

11 

18 

12 midday. 

22 I 

8 

27 

4 

3 p.m.. 

12 ! 

7 

9 

5 

0 p.m. 

12 

15 

2 

6 

Total (for, light period) . 

76 1 

1 

49 

49 

1 

33 
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SUMMARY 

Periodic microscopic examination of non-chain-forming powdery mil¬ 
dews of bean and Euonymous (E, polygoni-type conidiophores) revealed a 
diurnal cycle of conidiophore development similar to that reported for E, 
polygoni on clover. The period of abstriction of conidia occurred between 
10 a.m. and 2 p.m. in both cases. 

Periodic microscopic examination of the conidial-chain-bearing powdery 
mildews {E. cichoracearum-type conidiophore) of sunflower, rose, apple, 
aster, and cucumber revealed a more complex diurnal cycle of conidiophore 
development. Abstriction occurred between 6-8 a.m. and 2-4 p.m. and 
formation of the succeeding crop of conidia occurred between 2-4 p.m, and 
6-8 a.m. in all cases. 

In powdery mildew of the sunflower maximum spore abstriction occurred 
between 8 a.m. and 2 p.m. as shown by catching dislodged spores periodically 
over several days. A diurnal cycle of spore maturation and liberation, simi¬ 
lar to that apparent from microscopic examination, was revealed. 

Microscopic examination of stained conidiophores of sunflower powdery 
mildew revealed conidiophores with 2 nuclei in the basal cell and conidio¬ 
phores with 2 nuclei in the cell next above the basal cell. This is believed 
to indicate that both cells may function generatively. 

EXPERIMENTAL PRODUCTION OP BLACKPIRE ON TOBACCO^ 

E. M. Johnson, Stephen Diachun, and W. B. Valleau 
(Ar^ccptcd for publication Aug. 7, 1939) 

It is common knowledge that natural or artificial inoculation of tobacco 
leaves with Bacterium angulatum produces only a small, relatively harmless, 
angular leaf spot, and inoculation with Bacterium tahacum usually produces 
oiily the so-called “typical’’ halo wildfire spot on well-nourished, rapidly 
growing tobacco plants. In field epidemics of late-season blackfire® caused 
by either of these organisms, the spots are large, zonate, and destructive, 
particularly on topped dark tobacco. Por a long time it has been recognized 
that there is a close correlation between the occurrence of blackfire epidemics 
and rainy, stormy weather, but it also has been observed frequently that 
tobacco in low areas may be destroyed by blackfire whereas tobacco growing 
on somewhat higher land may escape injury nearly completely. Frequently 
this condition occurs without storm injury. Claytnn®'^ has attempted to 

1 The investigation reported in this paper is in connection with a project of the Ken¬ 
tucky Agriculture Experiment Station and is published by permission of the Director, 

2 Blackfire is used in this paper to signify the concentric type of spot that occurs in 
wet seasons on topped dark tobacco. It may be caused by either Boot, tabacutn or Bud* 
angulatum. The terms wildfire and angular leaf spot are reserved for the spots produced 
on tender tobacco leaves by the respective organisms. The etiological factors, aside from 
the parasite, which produce wildfire and angular leaf spot are so different from those 
causing blackfire that the latter may be considered a distinct disease. 

3 Clayton, B. E. Water soaking of leaves in relation to development of the wildfire 

disease of tobacco. Jour. Agr, Bes. [U, 8.] 52; 239—269. 1936. 

4 -Water soaking of leaves in relation to development of the blackfire 

disease of tobacco. Jour, Agr. Res. [U. S*] 66; 883—889, 1937. 
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show that water-soaking is a necessary factor for the development of what he 
has termed ‘‘epidemic’^ wildfire, and late-season blackfire. Valleau et al} 
have questioned this point, and have shown that water-soaking cannot 
explain the outbreaks of blackfire as they occur on maturing dark tobacco 
in Kentucky, 

It is the purpose of this paper to report the experimental production of 
the typical, zonate, late-season type of spot in the field, and in the green¬ 
house under controlled conditions. 

FIELD STUDIES 

In 1935, large, zonate spots, typical of those occurring late in the season 
on both white Burley and dark fire-cured tobacco, were induced on white 
Burley tobacco in an infertile area on the Station farm at Lexington with 
single-colony and mixed cultures of Bacterium angulatum. The late-season 
disease was induced also on topped and suckered dark fire-cured tobacco in 
western Kentucky with cultures of Bad. tabacum and Bad. angulatum. 

Prior to 1935 numerous field tests with Bacterium angulahtm and Bad. 
tabacum were made on tobacco plants growing in fertile soil but produced 
only the typical angular leaf spots and halo wildfire spots. The 1935 inocu¬ 
lations with Bad. angulatum indicated that the fertility of the soil may have 
a marked effect upon the susceptibility of tobacco to injury by these organ¬ 
isms because inoculations to Burley plants in fertile areas of the same field 
developed the usual small, angular, relatively harmless spots. 

In 1938, inoculations were made with Bacterium tabacum and Bact. 
angulatum to dark fire-cured tobacco throughout the season in an infertile 
area in western Kentucky. Late in the season, after topping, similar inocu¬ 
lations were made in plots of high and medium fertility at Lexington. In 
the western Kentucky tests 37 plants of the 60 inoculated with Bact. faba- 
cum developed the large, zonate spots, typical of those occurring in nature 
on topped dark tobacco (Pig. 1). On the same plot 3 plants of 60 inoculated 
with Bact. angulatum developed the late-season zonate disease. At Lexing¬ 
ton, in the plot of medium fertility, 8 of 9 plants inoculated with Bact. 
tabacum and 2 of 9 plants inoculated with Bact. angulatum developed i to 
3J inch zonate spots. In the fertile plot at Lexington 3 of 9 inoculated with 
Bact. tabacum and 2 of 10 inoculated with Bad. ang}dafum developed the 
destructive zonate spot. 

During the tests in western Kentucky rains fell on June 10, 11, 18, 19; 
July 2, 12, 37, 18, 19, 29, 30, 31; August 2, 3, and 11. The rains in June 
were not heavy and were unaccompanied by wind. Those of July 2 and 12 
were heavy and were accompanied by high north winds. Despite the heavy 
and frequent rains of July and August water-soaking of leaves was never 
observed even though the winds broke many leaves. Leaves on the wind¬ 
ward side of plants were often turned over and had on their under surfaces 
i to i inch bruised areas made up of numerous pinpoint water-soaked appear- 

s Valleau, W. D., S. Biaclmn, and E. M. Johnson. Injury to tobacco leaves by water 
soaking. Phytopath. 1^: 8S4-890. 1939. 
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Fio. 1. Fourth leaf from the bottom of a topped jdant of dark fire-cured tobacco, 
atomized in the field with Bacterium tahamm^ Juno 15, 1938. (Dew was heavy every 
morning. Bain fell, June 16 and 18.) Photographed June 30, 1938. 

ing spots (stippling), which usually disappeared in 3 to 8 hours. This 
stippling is not to be confused with incipient infections sometimes found 
around older spots. Many of these leaves were tagged and some were inocu¬ 
lated with Bacterimn iahacuni and Bacf. angidaium. Comparable leaves 
without stippling were tagged and some were inoculated. The stippled 
leaves developed no more natural infection, nor did they develop more infec¬ 
tion when inoculated than the nonstippled leaves. 

During most of the tests, both in western Kentucky and at Lexington, 
dews were heavy and the plants remained wet until 9 or 10 a. m. On inocu¬ 
lated plants the dead centers of spots were, in early morning, surrrounded 
by a narrow border of dark green to brown, wet, necrotic tissue sharply de¬ 
limited from the inner dead, brown tissue and the outer, healtliy area. Dur¬ 
ing the day this wet, necrotic border dried out; if there was briglit sunlight, 
it had a scalded appearance. In this way, spots gradually increased in size 
from day to day and coalesced, the final size often being limited only by con¬ 
tact with the midrib or larger veins. Heavy dews seem to be important not 
only in the increase in the size of spots but also in the developimmt of new 
infections. On plants inoculated in the field, in the absence of rain, new 
infections have been observed on leaves directly under inoculated areas, dur¬ 
ing periods of heavy dews. It has been observed repeatedly that low areas 
in fields, in seasons of little rainfall, may develop blackfire, whereas the high 
areas may be entirely free. Plants in these low areas have been observed to 
remain wet much longer in the morning than those on the higher areas. 
Fogs may be important. It is not unusual to observe fog pockets in the 
early evening in many fields, 

GREENHOUSE STUDIES 

In conjunction with the field studies, experiments were carried on in the 
greenhouse with low-topped Burley and dark tobacco plants inoculated with 
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pure cultures of virulent single-colony isolates of Bacterium taiacum and 
Bact angulatum. Two preliminary experiments showed that wildfire infec¬ 
tion on untopped and topped plants kept dry was of the typical halo kind, 
while spots on topped plants kept in an artificial fog produced by an atomiz¬ 
ing spray nozzle operated by steam were larger, were surrounded by a dark 
green-gray, wet border, and usually were without halos. These spots in- 
ceased in size and often coalesced to form large, dead areas made up of 
several concentric spots. If the inoculated topped plants were kept in the 
fog continually the spots were not zonate, but if kept in the fog during the 
night and allowed to dry in the daytime zonate bands developed. 

On November 29, 1938, three low-topped Burley plants and three un¬ 
topped plants of the same age, in 8-inch pots, were inoculated with 24-hour 
broth cultures by atomizing; the atomizer was held i of an inch from the 
lower leaf surface. The left side of each leaf was inoculated with Bacterium 
angulatum and the right side with Bact, tabacum. Two topped and two 
nontopped plants were placed nightly from 5 p. m. until 8 a. m. in the fog, 
which kept the leaf surfaces moist. Water-soaking was never observed on 
these plants. A topped and a nontopped plant were placed at one end of 
the greenhouse away from the fog. By December 5 infections caused by both 
Bact. tabacum'Slid Bact, angulatum were destructive on the 3 upper leaves 
of the 2 plants kept in the fog nightly. Spots were coalescing to form dead 
areas i to 1 inch in diameter. There was but little difference between the 
spots caused by Bact, tabacum and those caused by Bact. angulatum. On 
the nontopped plants in the fog and the plants kept dry both wildfire and 
angular leaf spots were of the typical relatively harmless type. 

By December 6 some of the spots on the topped plants kept in fog nightly 
showed two or three distinct zones, the outermost one being a necrotic, wet 
border. 

Every night until December 10, when the experiment ended, another 
band or zone was added to the spots on the topped plants kept in the fog at 
night. In the morning the new zone was wet, necrotic, grey-green or light 
brown, and not sunken. During the day, when the spray was turned off 
and the leaf surface became dry, the zone became dry, sunken, and brown, 
usually with a sharp dark brown line of demarkation between the dead tissue 
and the healthy green tissue, with but little if any increase in size of the 
spots during the day. 

The necrotic spots on the topped plant not in the fog were not so large 
as those on the topped plants kept in the fog; they were not zonate. The 
spots on all the nontopped plants were of the familiar typical halo wildfire, 
and small angular-leaf-spot type. 

This experiment was repeated on January 4, with similar results. In 
figure 2 is shown the actual daily increase in size of spots produced when 
leaves inoculated with Bacterium angulatum and Bact, tabacum were placed 
in the fog during the night and allowed to dry off during the day. 

Twice, low-topped dark-fired plants were atomized with Bacterium iaba* 
cum. Both times, large, zonate spots, such as those shown in figure 3 de- 
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veloped on the plants kept in the fo^. In one of these experiments one side 
of each leaf was atomized with Bact, angnlaium. The resulting infections 
developed much more slowly than the spots on the same leaves caused by 
Bact, tabacKM, and only a few of the spots on the side of the leaves inoculated 
with Bact, angulatum became large and zonate. 

Two experiments were performed in which inoculation with Bacterium 
tabacum and Bact, angulatum was made by needle i)rick rather than atomiz¬ 
ing. In neither case were such inoculations very successful in producing 
blackfire but a small per cent of the infections did produce rather large, 
zonate spots. 



Fig. 2. A. Daily increase iii a typical zonate blackfire spot produced by Bact, angu” 
latum when the inoculated plant was placed in a fog nightly. The black outer zone was 
necrotic and wet in the morning, when the drawing was made. B. Daily increase in size 
of a zonate blackfire spot produced by Bact. iahaeum under the same conditions. 

DISCTTSSION 

Although it has been believed for some time that rainy weather is in some 
way connected with the rapid development of blackfire outbreaks in the field, 
the zonate blackfire type spot has not previously been produced experimen¬ 
tally by inoculation with pure cultures of either Bacierhim angulatum or 
Bad, tabacum. Consequently it was not definitely known that either of 
these organisms was necessarily concerned in outbreaks of the disease on. 
topped dark tobacco, and the relation of wet weather to outbreaks was not 
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clearly understood. The theory has been advanced® that water soaking of 
leaf tissues during storms is necessary to break down the resistance of tobacco 
leaves to Boot, tahacum and Baet, angulatum in the natural development of 
the disease in the field. But our observations during outbreaks of blackfire 
on dark tobacco have indicated that, wdiereas there might sometimes be a 
marked increase in injury following a severe storm, yet the zouate blackfire 
spots frequently developed in the absence of storm injury and in the absence 
of conditions likely to bring about water soaking of the leaves. Furthermore, 
isolation studies from the advancing edges of blackfire spots showed these 
tissues to be largely sterile. The experiments here reported show that large 
zonate spots can be produced on low-topped Burley and dark tobacco plants 
in the field, and in the greenhouse, in the absence of water-soaking. In these 
experiments it was found that if leaves atomized with a virulent isolate of 
Bact. iahaciim were kept moist during a part of the day by placing the plants 
in an artificial fog, large, zonate spots typical of those occurring in natural 
epidemics were produced. 

Thus far, only relatively virulent isolates of the organisms have been 
used. Whether weak strains would produce the same results is not yet 
known. In these studies Baeterinm tabammi usually caused larger and 
more destructive spots than Bud. angulatum. Sometimes Bad. fabacum 
produced large spots when Bad. angulatum failed to do so on another part 
of the same leaf. It may be that the isolate of Bad. angulatum used was not 
sufficiently virulent, and that more virulent strains might be more nearly 
comparable to the virulent isolate of Bad. tahacum in the production of 
large zonate spots. 

SUMMARY 

Large, zonate spots very similar to those occurring in natural late-season 
epidemics of blackfire were i)roduced on Burley and dark tobacco plants in 
the field by atomizing leaves with Bacterium tahacum and Bad. angulatum. 
Dew usually covered the inoculated leaves every morning. 

Similar large, zonate, destructive spots were produced on topped Burley 
and dark tobacco plants inoculated with virulent isolates of Bacterium 
tahacum and Bact. angulatum when the plants were kept nightly in an 
artificial fog which formed a film of water on the leaves. 

Both in the field and in the greenhouse the spots increased in size during 
the niglit, when a wet, necrotic, advancing border was formed that became 
dry and brown during the day. 

Large dead areas 3 to 4 inches in diaiDeter were formed by increase in 
size of individual spots and coalescence of adjacent spots. 

This appears to be the first report of the experimental production of the 
zonate blackfire spots by pure culture inoculations and under controlled 
conditions. 

Kentucky Aoricultural Experiment Station, 

Lexington, Kentucky 

« E. E. Clayton. Loc . oit . 



TIME OF GEOWTH^ OF CEONAETIUM EIBICOLA CANKEES 
ON PINUS MONTICOLA AT RHODODENDEON, 

OREGON 

J. W. Kimmey 
(Aeccptod for publication July 14, 1939) 

INTRODUCTION 

The seasonal fluctuations in growth rate of white pine blister rust (Cro- 
mrtium ribicolg, Fischer) cankers on western white pine (Pimis montieola 
Douglas) were studied at Rhododendron, Oregon, from 1934 to 1937, inclu¬ 
sive. Lachmund’® and Buchanan’’ determined the annual growth rate of 
blister rust cankers in British Columbia and Idaho, and Lachmund* found 
that canker growth is less in winter than during the growing season. 
Rhoads^ observed that growth of the cankers on Pinus strohus L. during the 
latter part of the summer was twice as fast as that during the spring and 
early part of the summer of 1918 at Kittery Point, Maine. The study 
herein reported was made to secure information on the time of year and at 
what relative rates growGi of blister rust cankers takes place, and thereby 
to gain a better conception of the phenologj* of this important parasite. 

THE STUDY AREA 

The area selected for the study is on the west slope of the Cascade Moun¬ 
tains, about 10 miles southwest of Mount Hood, at Rhododendron, Oregon. 
This location is approximately at the latitudinal center of the botanical 
range of Pirns montieola, and at this latitude the species ranges from near 
sea level to about 5,000 feet elevation. The studj’ was made in a typical 
stand of reproduction from 10 to 20 feet in height, growing on nearly level 
ground at an elevation of approximately 1,650 feet and well within the 
natural range of western white pine in that region. The trees used were 
typical in thrift for the locality and of average size for the stand. 

METHODS 

Cankers were chosen for study by selecting as nearly as possible a rela¬ 
tive representation of all cankers occurring on the trees used. That is, fen 
equal percentage of existing branch cankers and stem cankers were chosen, 
and also a proportional number of existing primary- and secondary-branch 
cankers. The numerical basis employed in each diameter class was approxi¬ 
mately proportional to the natural frequency of cankers as found on the 

_ 1 The term ‘ ‘ growth ’ ’ of conkere is used to designate the extension of the diseolora- 

tmn of the bark, which accompanies and bears a fairly constant relation to the growth 
of the mycelia in the bark. 

sLaehmund, H. (1. Growth and injurious effects of Crtynartium ribieola cankers on 
P*nug moniioola. Jour. Agr. Kes. fU.S.] 48: 475-503. 1934. 

3 Buchanan, T. 8. Annual growth rate of Cronartium Hbicoki cankers on branches 
of PiiMM monitdfga in northern Idaho. Phytopath. 28 : 634-641. 1938. 

* ^oads, A^ur 8. Studies on the rate of growth and behawor of the blister rust 
on white pine in 1918. Phytopath. 10 : 533-327. 1920. 
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area. An effort was made to secure cankers that were of average health and 
vigor, that would remain alive for at least one year, and that would not 
coalesce with another canker before the experiment was completed. Cankers 
in all stages of development, from the first incipient discoloration to those 
that had produced aecia several times, were used. Cankers were selected in 
all parts of the crowns in an effort to obtain a true sample of those subjected 
to all existing local influences. 

At the start of the experiment the limits of discoloration on each canker 
were marked with paint, as de.seribed by Buchanan,® and the following data 
were recorded for each canker: Canker number; type of branch or stem; 
location in the tree; the year’s growth upon which the canker originated; 
the total length of the canker; the diameter of the branch or stem at both 
extremities of the canker; tlie stage of development; and the general condi¬ 
tion of the canker. These data were used both in judging the general repre¬ 
sentation of the samples and in attempting correlations of probable influ¬ 
ences with differences in time of growth for individual cankers. 

Growth measurements were secured on two series of cankers. In Series 
1, 52 cankers, on 12 trees, were marked on March 8, 1934, and were mea¬ 
sured periodically until June 5, 1935. In Series 2, 65 cankers, on 7 trees, 
were marked on March 6, 1936, and measured periodically until May 12, 
1937, 

In preparation of the study plan it was believed that growth measure¬ 
ments taken at monthly intervals® throughout the year would be sufficient 
to show the time of growth. Soon after the experiment was under way, 
liowever, it became evident that at certain times in the year growth measure¬ 
ments at shorter intervals would be necessary. Accordingly, measui’ements 
were taken at 2-week intervals on the cankers of Series 1 from early Novem¬ 
ber, 1934, to early June, 1935. The cankers in Series 2 were measured at 
weekly intervals from tlie time of marking to early May; and at monthly 
intervals thereafter, except during the periods of growth retardation in the 
fall of 1936 and of the beginning of growth acceleration in the spring of 
1937, when measurements were taken at weekly intervals. 

Just as ill similar studies by Lachmund and Buchanan^ the extremities 
of the cankers were considered to be at the limits of the discoloration of the 
infected bark. At the time of each measurement the total growth, since the 
time of marking, toward the distal end of the branch or stem was considered 
as growth upward, and the total growth, since the time of marking, toward 
the proximal end as growth downward. Growth measurements were care*^ 
fully taken with vernier calipers registering to the nearest hundredth of 
an inch. 

RESULTS 

There were great differences in time of growth between individual 
cankers. All cankers ceased perceptible growth for a period of at least 1 

5 See reference in footnote 3. 

« The intervals between measurements were not always exaetly one month, two weehs, 
or one week, but were approximately so. 

7 Bee references in footnotes 2 and 3* 
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month during the year. Some stopped growing as early as September, and 
others continued growth until December. Most cankers showed no growth 
during January. However, there was no period of a month s duration dur¬ 
ing which all cankers showed no growth. Appreciable growth usually com¬ 
menced in late March, but many cankers showed no growth until April and 
some did not grow until May. The individual canker that grew continu- 



Fig, 1. The Gvciage cumulative growth, both upward and downward: A, for cankers 
in Series 1 during the course of observations from March 8, 1934, to June 5, 1935 ; and B, 
for cankers in Series 2 from March 6, 1936, to May 12, 1937. The dates on which mea¬ 
surements were taken arc indicated by the positions of the points on the graph, and the 
small numeral at each point gives the number of cankers on which it was based. For 
eoi^enience ih comparing spring growth, the terminal portions of the gtaphB are repeated, 
by dotted lines, starting at zero on Hatch 8, 1935, and March 8, 1937, 
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ously for the greatest number of mouths showed detectable growth for a 
period of 11 months, while at the other extreme 1 canker allowed no growth 
for a period of 6 months* To a lesser extent differences were found between 
the time of growth of the 2 ends of individual cankers. For example, 
cankers were noted on which upward growth stopped in the early fall, while 
growth downward continued slow’^ly for a month or more. 

The data were analyzed in an effort to correlate peculiarities of time of 
growth of individual cankers with the various factors that were believed to 
have some influence on time of growth. No apparent correlation was found 
betw^een time of growth of individual cankers and any one of the following 
factors: Age of canker; stage of canker development; general health of 
canker; type of canker (stem cankers, primary-branch cankers or secondary- 
branch cankers); size of cankered branch or stem; location of canker in the 
tree; or size of tree. 

The seasonal fluctuations of canker growth are illustrated in figure 1, 
which shows graphically the growth, both upward and downward, for 
cankers in both series during the course of the observations. 

In figure 1 it may be noted that after the start of a series certain cankers 
were eliminated from the basis. The principal cause of cankers’ becoming 
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unusable, especially for measurements of upward growth, was flagging 
(death of the branch beyond the canker). Two other important causes were 
coalescence with other cankers and growth of cankers into nodes or whorls 
where the discoloration limits could not be seen. Certain small irregulari¬ 
ties in the graphs may be accounted for by these changes in the bases. 

The combination of upward growth and downward growth is described 
as the total growth of a canker. The average cumulative total growth of 
cankers for Series 1 is compared with that of Series 2 in figure 2, A, showing 
the similarity of growth fluctuations and amount of yearly growth for the 
two series. In figure 2, B, the two series are combined to show the average 
cumulative percentage of the total growth for a 1-year period. 

DISCUSSION 

The period over which canker growth occurred is shown in figures 1 and 
2. All of the graphs show that the growth was greatest from April to 
November and that there was little growth during the winter months. Prom 
figure 2, B, it may be seen that 90 per cent of the year’s growth took place 
from April 1 to November 1, and that only about 2.5 per cent of the year’s 
growth occurred in December, Januarj’^, and Februar.y. Most of the cankers 
showed no growth during the winter months. Although the average curve 
shows a slight growth throughout the winter, each of the cankers stopped 
perceptible growth for at least a month during the winter and most of them 
for 2 or 3 months or longer. The results agree with Lachmund’s'^ findings 
that canker growth on Finns monticola is less in winter than during the 
growing Kseason. Rhoadsobservations that canker growth on P. sfrohus 
during the latter part of the summer was twice as fast as that during the 
spring and early part of the summer are in contrast with the findings for 
P, monticola reported by Lachmund, as well as the results herein reported. 

One factor that showed some apparent correlation with the time of 
canker growth was temperature. Although no daily temperature records 
are available for the immediate vicinity of the study area, the general 
monthly records for the region indicate that temperature was one of the 
factors governing the period over which canker growth occurred. The 
weather records show that the spring of 1934 was unusually warm. Follow¬ 
ing the mildest December of record, January, February, March, and April, 
all established new records for high mean temperature. The effect of this 
unusually warm spring is manifested in the growth curves of figure 1 when 
comparison is made with the more nearly normal weather of the 3 following 
springs. The springs of 1935 and 1987 were somewhat below normal in 
temperature. January of both these years was unusually cold—January, 
1937, being the coldest month of record in Oregon. These cold periods in 
January caused a severe check of vegetative growth in both years. In 1935 
the beginning of spring was rather cold. March was only 1° warmer than 
February, and both March and April had temperature below normal, that 
of April being the lowest mean for that month since 1929. April of 1937 

5 See reference in footnote 2, 

^ See reference in footnote 4. 
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was cool and unusually cloudy, having the greatest number of cloudy days 
of any April since 1915. The effect of this cool weather in April of both 
1935 and 1937 may be seen on the graphs in figure 1 when compared with 
the nearly normal spring of 1936 and the unusually warm spring of 1934. 

The falls of 1934 and 1936 were both somewhat warmer than normal, 
although a sudden cold period, commencing the first of November in 1936 
and lasting most of that month, shows some effect on the period of rapid 
canker growth as depicted by the graphs in figure 1. (Compare the sudden 
leveling off in November of the growth (*urve for 1936 with the gradual 
leveling off of the growth curve for the fall of 1934.) 

In each of the 4 springs during the course of this study, the breaking of 
peridia on the aeeia-producing cankers throughout the general vicinity 
synchronized very well with the beginning of appreciable growth of cankers 
of all stages. In each case perceptible growth started at about the time the 
first peridia were broken, and by the time most peridia were broken rapid 
canker growth w^as under way. Another consistent indicator of time of 
canker-growth acceleration was the breaking of buds on deciduous trees in 
the vicinity of the study area. Rapid canker growth ceased in the falls of 
both 1934 and 3936 at about the lime the deciduous trees in the vicinity 
dropped their leaves. It is believed that these indicators of the beginning 
and the end of rapid canker growth may be applicable in estimating the 
period of rapid canker growth in other localities. 

summary 

A total of 117 white i)ine blister-rust cankers on 19 western white-pine 
trees were used in a study of the seasonal fluctuations of canker growth rate 
at Rhododendron, Oregon. Two series of cankers were used, one series in 
1934 and 1935 and the other in 1936 and 1937. Canker growth curves are 
showm. Great differences in time of growth w'ere found between cankers, 
and to a lesser extent between the two ends of individual cankers. Growth 
was rapid from April to NoA^ember and ceased for 1 to 3 months or more 
during the winter. About 90 x)er cent of the annual growth took place from 
April 1 to November 3, and only 2.5 per cent occurred during December, 
January, and February. Temperature is believed to have been one of the 
factors governing the time of rapid canker growth. The time of breaking 
of the peridia on blister rust cankers and the time of the breaking of buds 
of deciduous trees in the spring are considered as probable indicators of the 
time of canker growth acceleration, while the time of leaf-cast of deciduous 
trees in the fall is suggested as a probable indicator of the time of canker*, 
growth retardation. 

Branch Opihce of the 

Division of Forest Pathology, 

Bureau op Plant Industry, 

Maintained at Portland, Oregon, in 
Cooperation with Forest Service, 

U. S. Department of Agriculture. 



PHYTOPATHOLOOICAL NOTES 

A Method for Testing Resistance of Tomatoes to Fusarium Wilt.^ —Many 
tests have been made of the varietal susceptibility of tomatoes to Fusarium 
bulbigenum var. lycopersici Wr. and R. for the purpose of seleetinj? wilt- 
resistant varieties and strains adapted to particular conditions. These tests 
usually have been conducted under field conditions in soil known to be in¬ 
fested with the wilt organism. EdgertoiP and, later, others planted directly 
in mturally or artificially infested soil, to eliminate susceptible individuals. 
In many cases the seedlings have been transplanted to infested soil in trays 
or cold frames. This technique permits the study of a larger number of 
plants than would be possible if they had been grown in clean soil and set in 
infested fields. Wager'* and others have inoculated tomato plants by placing 
mycelium in holes at the base of the plants. This, however, is laborious and 
requires large amounts of inoculum if many seedlings are to be inoculated. 

A method of inoculating thousands of young tomato plants was used with 
marked success in the spring of 1939 at the Tomato Disease Laboratory at 
Yoakum, Texas. The roots were immersed for periods of from 5 to 10 min¬ 
utes in 4-7-day-old liquid nutrient cultures of Fusarium bulbigenum var. 
lycopersici. The cultures had been agitated daily to insure uniform distri¬ 
bution of the fungus through the inoculum. The plants were immediately 
transplanted to flats or cold frames. All tests were conducted out of doors 
from February through May. In the first experiment, seven-week-old plants 
from a large number of resistant and susceptible varieties were inoculated 
in this manner on February 24. The first definite symptoms were observed 
on March 15. Of the 1200 plants used in this test only 33 lived long enough 
to produce any seed and none of them were free of the vascular discoloration 
so characteristic of tomato wilt. Many of the resistant commercial varieties 
were included in this test. The reaction of the susceptible Gulf State Market 
and the resistant Louisiana Pink and Louisiana Dixie varieties is illustrated 
in figure 1. All of the plants in Gulf State Market variety have succumbed, 
while most of the plants in the other two stUl are apparently healthy. How¬ 
ever, many of these plants later died from wilt. 

Two other tests were conducted in which the roots of 8255 young plants 
also were immersed in a culture of the wilt fungus. There were 168 differ¬ 
ent samples of tomatoes, most of them being standard varieties. A few, 
however, were from a collection made by H. L. Blood, in South America, in 
1937-38, and obtained through L. R. Hawthorn, horticulturist at the Winter 
Haven substation. The first distinct symptoms of tomato wilt appeared in 
10 days in one test and in 16 days in the other. The relative resistance of 
the different varieties and strains was obtained by making counts at 10-14- 

1 Published with the approval of the Director as contribution No. 644, Technical 
Scrum, of the Texas Agricultural Experiment Station. 

^Kdgerton, C. W. A study of wilt resistance in the seed bed. Phytopath. 8: 6-14. 

JairXOfe 

Fusarium wilt in tomatoes in South Africa* So* Afn Jour. ScL 

SO: 240^24r,. 1933. 


86 



1940] 


PHYTOPATHOIiOGICAL NoTES 


87 



Fin. 1. PlKitogruph 25 days after inoculating young tomato plants by im- 

mersing the roots for 10 minutes in a liquid nutrient culture of Fusarium lycopersici: Two 
strains of CJulf State Market in the tray on the left, Louisiana Dixie and Louisiana Pink 
in the tray on the right. Only 6 i)lant8 from this tray produced seed and they were of the 
Louisiana Pink variety. 

day intervals. The plants were classified according to the severity of the 
disease. On the final count the stems of those plants not showing pronounced 
symptoms were cut and examined for internal discoloration. Only 5 plants 
from the standard varieties failed to show the vascular discoloration, while 
a number of plants in several of the South American lots were free of the 
disease. 

The wilt-resistance ratings obtained from these counts were compared 
with the ratings obtained under severe wilt conditions in the field. In nearly 
all cases the ratings were in the same order, except that those for the plants 
artificially inoculated were generally somewhat lower, indicating that this 
method may be a more selective one than the setting of plants in infested 
fields. 

The technique herein described for inoculating tomato plants is proposed 
as an aid in the selection of wilt-resistant tomatoes and in the study of strains 
of the fungus, since it is simple, accurate, and rapid. Readings on wilt resis¬ 
tance can be made within 4 weeks after inoculation if conditions are favor¬ 
able for the development of tomato wilt. The method is similar to the one 
mentioned by Weindling and Armstrong* for inoculating cotton with the 
cotton wilt fungus.— A. L. Habbison, Tomato Disease Laboratory, Division 
of Plant Pathology and Physiology, Texas Agricultural Experiment Station, 
A. and M. College of Texas, Yoakum, Texas. 

*■ Weindling, B., and Armstrong, 0. M. A water-culture infection method used in 
the study of Fusarium wilt of cotton. Phytopath. 29: 23. 1939. 
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Unusual Bacterial Spot Symptoms on Peach Leaves .—An aggravated 
case of the bacterial spot disease (Bacterium pruwi B. F. S.), with unusual 
leaf symptoms, was observed near Springdale, Arkansas, on June 1, 1939. 
All stages of leaf-spot development were present in the 18-month-old Blberta 
orchard, but, instead of culminating in the typical shot-hole effect, large 
areas of the leaves became completely infiltrated with bacteria (Fig. 1, A). 
These affected areas, in some eases involving as much as one-half of the leaf, 
had a greenish-yellow translucent appearance when viewed by transmitted 
light, but were dark brown under reflected light. The ground beneath the 
trees was littered with leaves showing these atypical bacterial-spot symp- 
••toms, and other affected leaves (Fig. 1, B) remained in the trees, detached 
from the twigs, but adhering to adjacent leaves by the mixture of gum and 
bacteria, which oozed from the affected portions. 



Pig. 1 . A. PIberta peach leaves with different amounts of the leaf area invaded by 
Bacterium pruni. B. Diseased leaves attached to other leaves by the mixture of gum and 
bacterial exudate, which oozed from the infiltrated tissues. 


Microscopic examination of the infiltrated, translucent areas revealed a 
complete disorganization of the cellular structure of the leaf. The small 
veins, which ordinarily delimit the size and shape of the spots, did not act as 
barriers to the spread of the organism. Pure cultures of the organism were 
secured from the infiltrated tissues. 

These unusual symptoms were much more pronounced in two-thirds of 
the 2(hacre block, where string beans had been grown between the peach rows 
in 1938 and the dried bean vines had been plowed under in March, 1939. In 
the balance of the block, where the beans had not been planted in 1938, the 
dise^e, while present, was running a normal course with only moderate 
defoliation and only an occasional leaf showing the infiltrated areas.— 
J<MQf C. DowEhAN, Fayetteville, Arkansas, Division of Fruit and Vegetable 






1940] 


PHirTOi'ATH<HjO<3lCAL NOTBS 


89 


Crops and Diseases, U.S.D.A., Washington, D. C., cooperating with the 
Arkansas Agricultural Experiment Station. 

A Blight of Wild Cherry Seedlings.—A blighting of wild cherry (Prunm 
serotina Ehrh.) seedlings has been under observation since 1924. The dis¬ 
ease, caused bs'^ Sclerolinia seaveri Rehm, appears each spring about the time 
the second pair of true leaves unfolds. The first symptom is the development 
of a brown, water-soaked region near the apex of the stem. This condition 
is accompanied by a loss of turgor and the infected seedlings (Fig. 1) are 



Fig. 1 , Blighted wild-cherry Keedlingw showing the characteristic drooping of apical 
portion of stem. Healthy seedling at th<* loft. 

readily detected by the characteristic drooping of the affected portion of the 
stem. Tile infection spreads from the stem into the leaves through the petiole 
and mid-rib. The basal portion of the leaf turns brown and finally the whole 
leaf is affected, assuming a bleached grey color. Conidial mas.ses frequently 
develop on the leaves. The fungus continues to spread down the stem and, 
when it reaches the ground line, the young plant dies. 

The disease was observed at Port Valley, Georgia, from 1924 to 1928 and 
subsequently has been observed in the vicinity of Fayetteville, Arkansas. 

TABLE 1 .—Number of wild-fherrp seedlings hUghled in three quadrants on April 4, 


Quadrant 

number 

Total number 
seedlings 

Number 

healthy 

Number 

blighted 

Per cent 
blighted 

1 

147 

55 

92 

62.5 

2 

88 

58 

30 

34.0 

3 

250 

140 

101 

40.0 
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Ill 1928, 3 quadrants, each 1 sq. m, in area, were laid out at random under 
a large tree near Port Valley, Georgia. Although the total number of seed¬ 
lings blighted during the period of seedling germination was not ascertained, 
the counts made on April 4 (Table 1) show from 34 to 62.5 per cent of the 
seedlings affected on that date. It is evident from these figums that the dis¬ 
ease must be considered as a factor limiting the reproduction of Prunus sero- 
Urn in the South.— John C. Dunegan, Fayetteville, Ark., Division of Fruit 
and Vegetable Crops and Diseases, U.S.D.A., Washington, D. C., cooperating 
with the Arkansas Agricultural Experiment Station. 


BOOK REVIEWS 

Helhus, Irving E., and George C. Kent. Elements of Plant Pathology. 49S pages 
(including glossary, list of books and index), 259 figures. The Mnctnillan Com¬ 
pany, New York. 1939. $4.00. 

This book, printed in larger type and on whiter paper than most texts of recent date 
in the field of applied botany, is timely in its appearance and of more than ])assiug inter¬ 
est for the plant scientist and student. As stated by the authors iu their Preface, ‘‘The 
chief contribution of the book lies in the emphasis placed on parasitism in disease proc¬ 
esses and the principles relating to control measures, coupled with the condensation and 
omission of unnecessary morphological and myeological data. The text was not pre¬ 
pared to ansAver, nationwide, the needs of instructors in plant pathology l>ul, on the other 
hand, it should be ou the reference shelf of all res<*arch workers and teaelu‘rs in botany 
and plant pathology and available to all students in these fields of science. As a text 
book for use in colieges and universities, it could be ap}>ropnately adopted over a large 
part of the United States with very little supplementation or adaptation. 

It is approximately (ixSixlJ inches in size, substantially bound in plain green 
buckram, stamped on back and cover with the title in gold letters on a dark rectangular 
background. The contents consist of an introduction and 15 additional chaj)ier8 dealing 
with plant pathology, 6 pages of glossary, a list, covering more than 4 pages, of books 
including author, title, publisher, year, and number of pages, dealing with some phase of 
plant pathology, and 17 pages of index m which bold-face typt' indicates iUnstrations. 
About 20 per cent of the text figures (51 of a total of 259) are diagrams of the host 
relation of the various parasites, indicating the active and dormant parts of the life 
cycles of the parasites and, in most instances, their parasitic and saprophytic rule. 
These figures are of particular interest to the student in illustrating relationships where 
more than one spore form exists and w’here alternale hosts are iiicluded. The line draw¬ 
ings are well chosen and excellently reproduced, whereas the remaining illustrations, 
generally good, too frecjuently indicate lack of good material from which to choose and 
poor reproduction, resulting in difficulty of interpretation by the student. 

The first 21 pages^ deal with introductory remarks and more or less of the historical 
background of this science, which is further developed iu the nex,4 46 pages under the 
headings of symptoms, parasitism and influences of (‘iivironmeut X)]nnt disease. The 
principles of control measines are set forth in an e<|ual numb(*r of pages where rotation, 
sanitation, protection, quarantine, eradication, and resistance are described in varying 
degrees of detail. The first, second and thir<l are considen^d under temporary and the 
remaining throe methods under permanent control. T))e information on disease^control 
is up-to-date with historical jottings and tabular data. The chenncal reactions may be 
somewhat specialized and advanced but are not out of place. 

Eight specific diseases caused by phycomycctes are described on the 4S pages in 
Chapter 8, including no bibliography or references. The diseases presented are caused 
by parasites covering the full ran^e of variation of the fungi generally thought to ho 
properly included in the group indicated and the authors are to be commended on their 
selections. 

There are 10 diseases of plants caused by parasites described on 47 pages in Chapter 
9, under the title of Diseases Caused by Bacteria. Myeological piinc^les have been cut 
to the bone in relation to the organisms included in this chapter. The explanation of 
wh;^ a bacterial pathogen may have 2 or more scientific names is presented, but is difRcult 
to understand and certainly unsatisfactory to a beginner. The diseases discussed are 
fairly Well selected from a geographical viewpoint and also from the vi<?wpoint of vari- 
\ able sources of inoculum and methods of dissemination. 

» chapter, covering 44 pages, deals with “ virus-diseases ’' of plants. An 

in^oduction and historical review of the subject and its development, economic impor- 
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tance, aymptoms, causal aeeiit, properties of viruses, environmejital, physical and chemical 
influences upon them, their movement, multiplication, vectors, dissemination, and control 
owmpy the greater part of the chapter. The remainder deals with 4 well-selected plant 
diseases in which general statements made concerning ^ ^ virus-diseases' ^ are specifically 
applied. 

The ascomycetes and 11 diseases caused by them on fruits, cereals, vegetables, field 
crops, and trees are dealt wdth in Chapter 11 and occupy 58 pages of concentrated, 
informative, and descriptive material. The selection of diseases and causal parasites is 
very representative with this group. The range of hosts affected is fair and proportional. 
Certain substitutions might be suggested, but the improvement would be only for limited 
geographical locations. The information presented is readily adaptable if necessary, but 
in most instances deals with the most economically important diseases, which, without 
saying, are also those uj)on which the most research has been done and about which most 
is known. 

The imperfect fungi and diseases caused by 5 of them follow in the next 33 pages, 
constituting Chapter 12 of this book. The authors state that, *^the imperfects induce 
more local and general necrosis , , . than any other group of symptoms, and, ‘^most 
of the imperfects attack the aerial j)arts of plantsyet, in their selection of 5 repre¬ 
sentative diseases, we find 3 of them caused by root infections of the host in the soil 
with similar secondary symptoms. The pathogenicity of a certain parasite was demon¬ 
strated 3908^^ and upon turning the imge, lest the student forget, he is reminded 
again of the same fact. Likewise it is stated that a parasite forms **mats 2 to 12 inches 
in diainetcT,and a page or two later this information is repeated; again wc find a 
fungus carried on the seed,’* and less than 10 lines later, ‘Hhe seed carries the organ¬ 
ism. ’ * Why the losses caused by the cowpea root-knot organism should be added to the 
losses caused by the cotton wilt organism for quotation requires furtlier explanation. 
These fungi, so frequently encountered, so variable in forms, so difficult for the student, 
and so inviting to the investigator ax>parently have not received the careful attention 
they in their own right deserve. 

The basidiomycetes, divided under the 3 headings, Smuts, Busts, and Wood and Boot 
Bots are treated within th<‘ 85 pages of Chapter 13. The smuts arc represented by 5 
parasitic species in 3 genera, the rusts by 5 species in 3 genera and the wood and root 
rots by 3 parasitic organisms. 

The treatment of the group, as a whole, is jirobably the best in the book and shows 
that first hand acquaintance produces superior knowledge and more unified, complete and 
convincing description. The host-relation diagrams are particularly of interest and 
value in showing clearly to the student the complicated life cycle of these parasites. The 
illustrations ar(3 usually good. Names of ai)ore forms are uniformly used, excei)t where 
* n)a8idiospore ” appears in place of ^ ^HX>oridia. ” The general descriptive matter is 
definitely condensed and inclusive except, for instance, where the word ‘^flower” appears 
3 times in a 24-word sentence. 

Diseases caused by seed plants and nematodes are presented in the next two chapters 
on 23 pages. The parasites and host range indicated are rather inclusive but severely 
condensed, probably because of the lack of their importance economically or because of 
the scarcity of these diseases in the central plains section of the country. 

The final chapter deals with nonparasitic agents in relation to plant disease ami it is 
indeed meager. The authors might have made a more variable selection for presentation. 
Four diseases are described, 3 of which are on apple, the fourth l>eing a deficiency 
disease. A fair idea is obtained regarding the conditions tliat contribute toward their 
development and correction. I’ossibly this chapter could have been combined with 
Chaj>ter 6, entitled ^^The inlliience of environment (m plant disease.” 

The book is up-to-date and contains an accnmulation of heretofore nonsummarized 
published data that gives it a definite, fact-containing, valuation seldom equalled. The 
use of words in this text is of special, atmosphere-giving interest and will bo noticeable 
to all whoa'ead it, A few selected at random are here presented: ameliorated, dendritic, 
dirt, ephemeral, fuzzy, iiifcctivity, <pyeclial, rattled, smutty, stoi^page, tilth and viru- 
liferous. The arrangement of the groups of diseases caused by classes of fungi, the bac¬ 
teria, viruses, etc., is somewhat irregular when compared with previously published texts 
in plant pathology; but if this sequence has proved bettor in practice then it is fully 
justified. 

The lack of references offers no great obstacle for the student, but references might 
be desirable to teachers and others who wish to examine the original papers themselves.—* 
GF4OKQE F. Weber, University of Florida, Gainesville, Florida. 

DeVries, Louis. German^Bngluh Science Dictionary. 473 p. $3.00. McGraV'-Riit 
Book Co., Inc. (New York), 1939. 

The Oerman-English Science Dictionary, compiled by members of the 4«^enee iae* 
ulty of Iowa State College under the editorship of Dr. DeVries, will be welcomed 
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all who have to read scientific German in the original and who often have only a passing 
knowledge of tlie language. The book contains not only scientific terms but also a wide 
selection of common words, a fact that endeared Patterson’s Chemical Dictionary to its 
many users. The book is well edited and, notwithstanding its siase and variety of subject 
matter covered, is l^ing sold at a price that should bring it within reach of any graduate 
student. The compilers succeeded well in bringing together terms found in the various 
German-English scientific dictionaries of earlier publication date. 

It is regrettable, however, that so few new words of the many encountered in recent 
scientific contributions have been added. For example, under * * Vegetation, ’ ’ the editor 
lists only 7 compound nouns, while the reviewer has in his own footnotes to Biological 
Equivalents 21 additional words selected from current publications, each of which is not 
directly translatable but must be expressed by its proper equivalent. This is equally 
true of the word ‘^Gesellschaft,” under which at least 12 new words could be addod to 
the listed 7. Buch instances are numerous throughout the book. 

The reviewer hopes that in future editions of this volume these omissions will be 
filled in.— ^Ernst Abtsciiw'agkr. 



FUNDAMENTAL STUDIES OP THE STRIPE SMUT OP 
GRASSES (USTILAGO STRIAEPORMIS) IN THE 
PACIFIC NORTHWEST^ 

George W. Fischer 
(Accepted for publication August 30, 1939) 

INTRODTJCTION 
Name of the Disease 

The smut of various grasses, caused by Vstilago striaeformis (Westd.) 
Niessl., has been known by such common names as timothy smut, stripe 
smut, leaf smnt, striped smut, and others, the last two names being more 
widely used. Davis (11) suggested that the disease should be known as 
striped smut of grasses, rather than timothy smut or leaf smut, because it 
has been shown that the organism is not confined to timothy, nor is its de¬ 
velopment restricted to the leaves of the plants infected, but is systemic and 
may sporulate in culms, leaf sheaths, and floral parts. The writer prefers 
the name stripe smut because it is more eui^honious and is in some respects 
analogous to the name stripe rust, caused by Pitccinm glnmarum (Schmidt.) 
Eriks, and Henn. 

Economic Importance 

The effect of stripe smut on the host makes it a very destructive disease. 
The rupture of the long sori in the leaves results in the shredding and 
death of these organs, thereby materially weakening the plant and predis¬ 
posing it to other sinister factors in its environment. This condition is 
accentuated by the fact that the leaf sheaths, culms, and floral parts are 
often attacked. Tlius it is obvious that an infestation of stripe smut is a 
very imi)ortant factor in the cultivation of grasses for seed, liay, pasturage, 
and even for law^ns and putting greens. Clinton (6) reported substantial 
losses caused by stripe smut in fields of timothy (Phleuni prate^ise L.) and 
redtop (Agrostin alha L.) in Illinois. In one locality, where the latter grass 
was being grown for seed, Clinton found fully 30 per cent of the plants 
infected. The grower eomjdaiued that the seed yield had been reduced to 
as low as 23 per cent of the normal yield. Osner (29), in making a survey 
of the extent of stripe smut of timothy in 9 counties of New York, found 
the disease more or less abundant in every field. In one field he reported 
over 50 per cent of the plants infected, and estimated that this represented 
about 30 per cent loss of hay. Osner further pointed out that if the timothy 
had been grown for seed the loss would have been greater. Pammel et al. 
(32) and Pammel (30, 31) reported considerable loss in the timothy fields 
on the Iowa State College farm. Numerous other reports could be cited, 

1 Grass-disease investigations of the Division of Forage Crops and Diseases, Bureau 
of Plant Industry, XT, B. D^artnient of Agriculture, in cooperation with the Boil (Joaser^ 
vation Service, Section of Conservation Nurseries, and the Divisions of Plant Pathology 
and Agronomy of the Agricultural Experiment Station, State College of Washington, 
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which indicate tliat the disease is quite widespread from coast to coast. 
Davis (9) stated that stripe smut is principally confined to the humid cen¬ 
tral portion of the north temperate zone between the north parallels of 30 
and 50 dej?rees. 

Host Range 

The host range of Tlstilago striaeformis is quite extensive. Osner (29) 
listed 38 species and varieties of grasses, including both European and 
American hosts. Davis (9) stated that this species occurs on about 40 spe¬ 
cies of the Gramineae, Liro (28) listed over 30 species and varieties, while 
Seymour (35) in 1929 reported 20 species and varieties from North Amer¬ 
ica. Considering that a number of species have been added since that time 
by various investigators, and that Seymour’s report is not complete to 1929, 
it seemed probable that over 30 species and varieties of grasses serve as 
hosts for U. striaeformis in North America. In reviewing the available 
literature on the subject tlie following list of hosts for North America has 
been compiled, including a few new hosts established by inoculation experi¬ 
ments described in this paper, Agropyron caninum (L.) Beauv.,* (17),'* 
A. cristaUim (L.) Gaertn. (17), A. inerme (Scribn. and Smith) Rydb. (17), 
A. pauciftorum (Schwein.) Hitchc. (17), A. rcpem (L.) Beanv. (34), A. 
semicostaium (Steud.) Nees,^ A. Rydb.,^ A. spicatum (Piirsh) Scribn. 

and Smith (17), A. suhsecinulum (Link) Hitchc.,^ Agrosfis alba L. (35) 
(under A. palustris Huds.), A. cxarata Trin. (35), A. percniians (Walt.) 
Tuckerm. (39), A. palustris Huds. (39), A. tennis Sibth. (24) (as A. alba 
vulgaris Coss. and Dur.), Ammophila arenaria (L.) Link (7), A. breviiigu- 
lata Pern. (35), Bcchmannia syzigachnc (Steud.) Fern. (34), Bromus com- 
mutatus Schrad, (39), Calamagrostis canadensis (Michx.) Beauv. (34), (7. 
pickeringii A. Gray (35), Dacfylis glomcrata L. (35), Elymiis canadensis L. 
(35), E, canadensis var. robnsins (Scribn. and Smith) Mackenz. and Bush.,^ 
E, glancKs Buckl. (35), sibiricus L.,'* E, virginicus L. (35), Festuca obtusa 
Spreng. (7) (as F. nutaris), F, ovina L. (35), Holcus lanaius L. (36), 
Hordeum hrcvisiibulatum Trin.,^ H. jubatum h.,^ H. jubatum var. caespi- 
tosnm (Scribn.) Hitchc.,* H. nodosum L.,* Hystrix paUila Moench (25), 
Lolium perenne L. (36), Phleum pratense L. (35), Poa annua L. (35), P. 
compressa L. (35), P. langnida Hitchc. (35) (as P. debilis Terr.), P. 2^ra- 
tensis L. (35), Sitanion hanseni (Scribn.) J. G. Smith (18), hystrix 
(Nutt.) J. G. Smith (7) (as S. longifolium J. G. Smith). 

REVIEW OF LITERATURE 

Prom the contributions of previous investigators of Ustilago striaeformis 
and the smut of grasses induced by it, the following points in the life history 
and general biology of the pathogen may be summarized: 

2 Where possible Hitchcock (21) has been followed in attempting to determine the 
correct names for the grass(>s mentioned in this pai)er, 

8 Numbers in parentheses refer to literature cited. 

♦ Hitherto imreported host, based upon diita presented in this paper. 
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1. Spore germination studies have proved conclusively that the stripe-smut 
organism is a species of Ustilago, and should be called, therefore, U. 
striaeformis (6, 9, 29). 

2. Spore germination is similar to that reported for Ustilago nuda (Jens.) 
Rostr., U, tritici (Pers.) Jens., U. longissima (Sow.) Tul., and U. violacea 
(Pers.) Roussel (9). 

3. The smut spores of Ustilago striaefoi'mis are resting spores, and an 
after-ripening period averaging 240 days in a damp atmosphere at about 
20° C. (265 days in field) is prerequisite to successful germination (9). 

4. After-ripened spores did not germinate on a variety of substrata unless 
sufficient moisture was present to float the spores or cover them with a 
film of solution (9). 

5. Inoculations and eytologieal evidence have demonstrated that, as con¬ 
cerns stripe smut on timothy, seedling infection commonly occurs and 
is not originated by a dormant mycelium in the embryo (10). 

6. At least 4 physiologic races have been differentiated, one restricted to 
each of the following hosts; Phleiim pratense, Agrostis alba, Poa pra- 
tensis and P. annnn (12). Ustilago cUnioniana (12) and several other 
species (28) very closely allied to <7. striaefornns may be only physio¬ 
logic races of the latter species on other hosts. 

7. To date all attempts to culture Ustilago striaeformis have been entirely 
unsuccessful (9, 10, 24). 

MATERIALS AND METHODS 

In this paper the contributions to the life history and pathogenicity 
of Ustilago striaeformis are based upon experiments with two collections of 
this smut fungus. One colle(*tiou (herein designated as collection L-A) was 
made in August, 1936, from several plants in the same row of slender wheat- 
grass, Agropyron 2 )ai(c,if{ornm, in the Soil Conservation Nurseries, Pullman, 
Wash. The other collection (collection L-B) came from Elymus glaucits, 
July, 1937, also in the Soil Conservation Nurseries at Pullman. 

All inoculations, made with sporidia or with spores, were made by a 
slight modification of the partial-vacuum method developed by Zade (38), 
and Haarring (19), and found by Allison (1) and others so effective in 
studies of smuts of oats and barley. The modification consisted in either 
planting the inoculated seeds very soon after processing without any drying, 
or, if the seeds had to be stored before planting, they were dried immedi¬ 
ately after processing and were stored dry at room temperature. With 
either spores or sporidia it seemed to make little if any difference whether 
the seed was planted immediately after processing or stored dry at room 
temperature or at 5° C. The procedure followed by Haarring (18), whereby 
the processed seed was dried for 24 hours, incubated 20 hours in a moisture- 
saturated atmosphere, and then dried again before sowing, was not tried, 
since it entailed unnecessary handling of the seed, Allison, after the seed 
had been processed and then dried for 32 hours, tried two modifications of 
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Haarring’s procedure: (1) after 24 hours* incubation in a water-saturated 
atmosphere the seed was sown while still moist; (2) seed was stored dry at 
2° C. for 24 hours before sowing. He found that the two modified methods 
gave equally excellent results, and finally adopted the second because of its 
simplicity. In the i)resent studies not even refrigerated storage was found 
necessary. 

When chlamydospores were used for inoculum the desired suspension 
was obtained by placing infected leaves and other parts in a beaker or flask 
with a small amount of water and macerating the material so as to liberate 
the spores. Water was then added to bring the suspension to the proper 
dilution after which the bits of leaves and other debris were strained off. 
The seed was inoculated in small (15 cc.) vials each containing about 5 cc. 
of the suspension. 

When monosporidial lines of opposite sex were used for inoculum the 
technique of preparing this was somewhat different from that used by Alli¬ 
son (1), who grew the lines in polato-dextrose solution and used Ihe re¬ 
sulting suspension of sporidia in the nutrient solution for inoculum. In 
the present studies the sporidia were transferred from the agar to water or 
physiological salt solution, and the resulting suspensio)) was used for in¬ 
oculum. Copious production of fresh sporidia was obtained in 2 days by 
making smear cultures on plates of a special agar medium, dcs(*ribed below, 
containing 8 per cent dextrose, 4 per cent malt extract, 1 per (*ent peptone, 
and 2 per cent agar. The monosporidial lines of opposite sex were thus 
cultured singly on the agar, but were brought together in essentially equal 
quantities in the inoculum susi)ension. 

The monosporidial lines of JJstilago sirkicformis were obtained by iso¬ 
lating single sporidia from germinating chlamydospores with the aid of 
a Chanibei*'s micro-manipulator, following the method described bv Hanna 
(18). 

EXrKKIMENTAL RESULTS 

Life History Studies 

1. Spore Grrnihiation. According to Davis (10) an after-ripening 
period of 240-250 days in a moist chamber- at room temperature is pre¬ 
requisite to spore germination in Vsfilago airmeformis^ which probably ex¬ 
plains the very low germination percentages obtained by Osner (29), 
Clinton (6), Horsfall (23), Duggar (15), and others. However, some 
investigators apparently have not experienced such difficulty in germinating 
the spores of IJ. siriaeformis. Liro (28) presents the results of a series of 
inoculation experiments with stripe smut on various grasses and makes no 
mention of any prerequisite to suc<*essful spore germination. He obtained 
infection merely by mixing dry seeds and spores together. However, it 
must be considered that Liro worked with collections of stripe smut from 
other grasses than those employed in Davis’ experiments. On the other 
hand, Davis (8) stated, concerning collections of U, siriaeformis on Poa 
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praiensis and P. dehilis (P. languida)^ that fresh spores collected in May 
frerminated readily in water. Pammel (33) mentioned that spores of 
Tilletia striaeformis (Westd.) Maj?nus {U. striacformis) from PhUum pra- 
knsc and Poa pratensis germinated readily. He did not state the medium. 

In July, 1938, the writer received a collection of TJstUago striaeformis on 
Poa pratensis from H. W. Johnson, Bureau of Plant Industry, who had 
obtained it from the Forage Crops greenliouse at Arlington, Virginia, May 
5, 1938. On July 25 the spores were tested for viability and, after about 
36 hours, 85 per cent of them had germinated on potato-dextrose agar. 
Subsequent tests gave gradually lower percentages until, finally, the last 
tost, on October 10, 1938, showed no germination at all. Thus, this collec¬ 
tion of Ustilago striaeformis exhibited viable spores, with a high percentage 
of germination, merely after dry storage at room temperature. 

A collection of Ustilago siriaeformis on Agropyron pancifloriim (collec¬ 
tion Ij-A mentioned above) made in August, 1936, was tested for spore 
viabilih' as soon as it i^ould be brought into the laboi‘atory, but less than 5 
per (‘cnt germijiation was observed. Another test late in September showed 
about 25 x)er cejit liable spores. This collection was not tested further 
until the following spring, wlieu less than 1 per cent germination was ob¬ 
served. Several of the infected ])lants were removed to the greenhouse in 
the fall of 1936, where they continued to produce smutted leaves, and later, 
culms and .s])ikes. In March, 1937, a quantity of infected leaves was re¬ 
moved from these potted plants and samples of the spores were tested for 
viability, hiven in cases where s]iores had been removed from fresh, unrup¬ 
tured sori, as high as 90 ])er cent germination was obsei'ved. It should be 
mentioned that the smutted leaves dried in the laboratory for a few days 
before the s])ores were tested. This spore material was used in spring 
inoculation experiments of lfl37. 

In July, 1937, Ustilago striaeformis was found on Elijmns glaucus (col¬ 
lection L~B, mentioned above). At that time tests showed over 60 per cent 
spore germination. Subsequent tests every several weeks showed a gradual 
decrease in ])ercentage of germination, but this was about 20 per cent, even 
as late as March 1, 193H, when monosporidial cultures were obtained from 
germinating chlamydospores. In a later test, May 26, 1938, there Avas less 
than 1 per cent germination. 

Another collection, made in August, 1938, on Elymns c<n}adcnsis in the 
Pullman, Wash., Soil Conservation Nurseries, Avas not tested for spore 
viability until Marcli 13, 1939, when 50 per cent spore germination was 
obtained on malt extract-dextrose-peptone agar. 

In contrast to tlie collections described in Avhicli good germination was 
secured without any after-ripening process, are several others from Poa 
pratensis, Phleum praiense, Agrostis alba, and HoJeus lanatns, which did 
not germinate over 2 per cent over a period of 5 months. 

All of the above-described collections had been stored in envelopes or 
packets under conditions of room temperature and humidity, the latter 
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usually running ratlier low in the dry-land areas of the Pacific Northwest. 
It is seen from the spore germination data of these collections that for some 
reason the after-ripening period, under moist conditions described by Davis 
(9) as prerequisite to spore germination, does not apply to all collections of 
Ustilago striaeformis, especially the i*ace on Agropyron and Elymus in the 
Pacific Northwest. It is further seen that the collections of U, striaeformis 
on Agropyron and Elymus in the Pacific Northwest have a greater period 
of germinability than those studied by Davis (9). He found that approxi¬ 
mately 75 days represented the period of germinability for the smut from 
timothy, orchard grass, and redtop, and 120 days for stripe smut on June 
grass (Kentucky blue grass). The writer’s Agropyron and Elymus col¬ 
lections of TJ. striaeformis indicated a period of germinability of several 
months. 

The process of germination in the collections of Ustilago striaeformis on 
Agropyron pauciflorum (col. L-A) and on Elymus glaucus (col. D-B) has 
been studied and appears to differ from that reported by Davis (9) for 
collections on Agrostis alba, Dactylts glomerafa, Phleum pratensc, and Poa 
pratensc, and by Osner (29) for U. striaeformis on Phleum pratensc. These 
investigators found the process to be the same in the collections from all 
4 hosts. A single elongate unicellular promycelium was extruded from a 
rift in the spore wall. Sometimes 1 or 2 septa were formed. Short branches 
usually were developed on the promycelium and were considered to be 
lateral sporidia, although they were not abstricted. In a few cases Davis 
observed fusions between these ‘‘sporidia.” No typical sporidia were ob¬ 
served, and Davis was of the opinion that they are seldom, if ever, p)roduced. 
In no case did he obtain any saprophytic development from the germinating 
spores, even when they had been under observation for bO days. 

In the piresent studies it was observed that, after 24-36 hours under 
optimum conditions for germination, there emerges from the spore 2 or 3 
thick germ tubes (Fig. 1, A and B). These rapidly elongate, and develop 
cross walls and branches (Pig. 1, C and D), and soon begin to bud off 
elliptical sporidia. By the third day numerous sporidia usually have been 
produced (Pig. 1, E) and accumulate in masses, so that around each germi¬ 
nated spore there develops a vigorous saprophytic colony of mycelium and 
sporidia. This type of germination occurs on i)otato-dextrose agar, or malt 
extract-dextrose-peptone agar, but on low nutrient agars or on plain agar 
sporidial formation is more or less inhibited. In such cases fusions between 
promycelial branches or segments soon occur and these give rise to long, 
vigorous, aerial infection hyphae. This is thought to be comparable to what 
Davis (9) observed and described as, “In three cases primary sporidia 
fused, the contents of one passed into the other and formed a conidium 
which developed a mycelial thread.” 

No observations by the writer of germinating spores of Ustilago striae¬ 
formis on a variety of media have yielded anything comparable to what 
Davis (9) observed and described as primary sporidia emerging directly 
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from the spore and budding. At other times, according to Davis, the pri¬ 
mary sporidia^' remained within the spore. The sporidia observed in the 
present experiments were larger, more typical of sporidia in general, and 



Fio. 1. Stages in spore germination in Usiilago strUicformis: A, B, after 36 hrs. 
on potato dextrose agar; C, I>, after 48 hrs.; E, after 60 hrs. Retouched enlargements 
of photomicrographs, x aiiproxiinntely 1000. 


were abstricted from the promycelial branches or segments. They were 
able to develop rapidly into large saprophytic colonies, an ability which 
heretofore has been entirely unknown in U, sfriaefotinis. 
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2. The Sexual Nature of the Sporidia. Sonietiiues on nutrient agar, in 
situ, but especially when removed to plain, non-nutrient agar, the sporidia 
fuse in pairs with surprising rapidity. This fusion is accomplished when 
one (active) sporidium sends out a narrow fusion tube toward another (pas¬ 
sive) sporidium nearbj' (Fig. 2, A) and fuses with that sporidium when 
contact has been made (Pig. 2, C-G). Occasionally, the juxtaposition of 
sporidia is such that 2 will try to fuse with the same sporidium, as seen in 
figure 2, B. Quite often 2 fused sporidia will be observed connected by a 
very long fusion tube, as shown in figure 2, H. Whether this represents tlie 
elongation of the fusion tube before fusion (in order to reach a sporidium 
some distance away) or an elongation after fusion, as Holton (22) ob¬ 
served in U. avenae and U. levis, has not been determined. 



Fig. 2, Stages in the eojiulntion of sporidia of l\\hUifjo striarfornim nnd the subse¬ 
quent development of infection hypliae. A and B. Development of fusion or copulation 
tube. O-H. Appearance of ])airs of fused sporidia. 1-K, Developm<*nt of infection 
h3"pha, a. Drawn with the aid of the camera lucida. x about 1100. 

Shortly after fusion (2-4 hours), from one or the otlier of the fused 
pair, or from the fusion tube connecting them, a paiiilla appears (Fig. 2, 
I, a and J, a), which rapidly develops (Fig. 2, K, a) into a long vigorous 
aerial hypha. This is the ^‘Suehfaden^^ described by Bauch (3, 4, 5). 
Within 12 hours after sporidia of opposite sex have been mixed on plain 
agar these ^‘Suchfiiden’^ or infection-hyphae have been produced in abun¬ 
dance and lend a cottony or whitish cast to the whole surface. Thus the 
well-known Bauch test^’ (3, 4) for detecting sporidia! lines of opposite 
sex is readily applicable to IJstilago slriaeforntis. In fact the fusion of 
sporidia and the subseciuent production of ‘SSuchfiiden’’ or infection 
hyphae is very similar to that described for VsUlago avtmae (23), V. levis 
(13, 23), U, hordei (1, 33), IL bromivora (Tul.) Fisch. de Waldh. (3), 
U, violaeea (2, 27), U, nigra Tapke {U, medians Biedeiik. (1)) and others. 
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The readiness with wliieh the sporidia of tlie writer's cultures of Usii- 
lago siriacformis fuse and develop infection hyphae indicated theiT sexual 
nature, and it was decided to iiivestii^ate this further. Some preliminary 
studies of moiiosporidial lines will be reported here. 

On March 1, 1938, from a small colony that had develoj)ed around a 
single germinated spore of collection li-Il of Ustilago striae for mis (from 
Ely mils glanciis)^ 15 sporidia were isolated ami allowed to bud and develop 
into moiiosporidial colonies. Only 9 sporidia survived the isolating proc¬ 
ess, but these developed rai)idly into colonies that were later transferred 
to test tubes of potato-dextrose agar. By March 10, 1938, each culture had 
grown to sufficient size to affoi’d an abundance of material for inter-mating 
of the cultures. Accordingly, a small amount of each culture was mixed, 
in turn, wdth an equal amount of eacli of the other cultures on plain agar. 
Within 12 lioiirs or even less it w'as possible to tell at a glance under the 
low ])ow’er of the mi(n*oscope w^here fusions had taken place. In fact, the 
whitisli cast visible to the naked eye indicated where fusions and the 
l)roilnctiou of infection hyphae had taken place. The results of these 
matings are shown in table 1. 

TAPLE 1.— liv(w1ioui< of ninr mononporUlial cult fires of Vstilago slriaeformis 
from flic same germinaling chlamydosporc, when mated with each other on plain agar 

Designation of enlfares 

11 12 i:'. 14 15 1(5 17 18 19 

11 

12 

n 

14 

15 

16 

17 

18 

19 

Collection T/-P is from BIgmns glaiieus. 

r-abundant fusions and infection hyphae. 

** Legend: - - no action. 

On the basis of the reactions shown in table 1 it is seen that of the 9 
cultures, 5 were of 1 sex jrroup and 4 of another. By arbitrarily desig¬ 
nating the first culUire (No. 11) as ' the others are segregated for sex as 
follows: 

-j- 4 4 _ -t- — ^ 

Cultxire No. 11 12 13 14 !.> 16 17 18 19 

Prom these results it seems that only 2 sex groups are represented in 

Vstilago striaeformis and that these probably are segregated on a 1:1 basis. 

3. Hybridization” with Other Vstilago spp. Kniep (27) considered 
hybridization as having been effected between spe(‘ies of smut fungi when 
their sporidia had been made to fuse. He obtained fusions between the 


+ - + + - + 

j _ . 

i- - ( , _ a 

- - -i ~ 
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sporidia of several Usiilayo spp. but did not attempt to obtain Fi clilamydo- 
spores from these combinations by inoculating the fused sporidia into a 
probable host. Dickinson (14) obtained infection (as evidenced by histolo¬ 
gical examination of inoculated oat seedlings) from combinations of sporidia 
of opposite sex of V, levis and U. hordei, but did not state that any sporula- 
tion occurred in the host. Since neither Kniep nor Dickinson obtained Fi 
chlamydospores from their ‘‘hybrids,” and since Allison (1) has shown 
that, at least in the barley smuts, soon after the fusion of two sporidia (of 
different as well as of same species) merely the dikaryophase is initiated by 
association of the two nuclei in one sporidium and later in the infection 
hypha, the fusing of sporidia cannot be considered true hybridization. It 
is fairly well established that in the smut fungi this dikaryophase persists 
throughout the development of the mycelium in the host plant up to the 
time of sporulation, and that the true diploid condition is initiated at the 
time of fusion of the two nuclei in the young spore. True hybridization 
occurs, then, when interspecific combinations of monosporidial lines of 
opposite sex result in sporulation on some host. Such hybrids have been 
produced between TJ, avenae and U. Icvis (22), TL hordei and U. nigra (1), 
Sphacelofheca sorghi (Link) Clint, and S. cruenfa (Kiihn) Potter (34), 
8. sorghi and Sorosporium reilianum (Kiihn) McAlpine (37), and other 
species. 

In the present studies 4 monosporidial lines of Ustilago striae form is, 
Ij-B, (2 of each sex group) were mated with 12 x>edigreed monosporidial 
lines of U. hullata (1 of each of 2 sex groups from 0 collections) on plain 
agar. The results are recorded in table 2. 

From the data shown in table 2 it is readily seen that: (1) The sporidia 
of Ustilago striaeforniis are highly compatible with those of U, hullata; (2) 
certain combinations are far more productive of infection hyphae than are 
others; and (3) in every case the greater number of infection hyydiae in¬ 
volved the same sex group of 17. striaeforniis. Thus, it was cultures L~B 
11 and 12 that produced the abundance of infection hyphae when combined 
with cultures of opposite sex of U, bvUaia, although the other cultures of 
U, striaeforniis, L-B 17 and 19, entered just as readily into sporidial fusions 
with the cultures of opposite sex of V, hidlata. This situation is somewhat 
similar to that described by Bauch (4) who discovered that Sphacelofheca 
schweinfurthiana (v. Thiim.) Sacc. exhibited 2 different types of reaction 
between the monosporidial lines of opposite sex; in one case (“W-Reak- 
tion”) no further development of the fused sporidia took place, whereas, in 
the other (“S-Reaktion”), binucleate infection hyphae developed from the 
fused sporidia in the normal manner. Bauch’s results, however, were ob¬ 
tained from intraspecific mating experiments, whereas those here described 
apply to interspecific matings. Within either of the species concerned, U, 
striaeformis and U, hullata, such reactional differences have not been ob¬ 
served. These differences are thought by the writer to represent differences 
in the compatibility between monosporidial lines of opposite sex of 2 species 
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TABLE 2 .—Reactions of 4 monosporidial cultures of Vstilago striaeformis with 12 
pedigreed monosporidial cultures of Vstilago huUata when mixed on plain agar 


Ustilago bullata 

Pedigreed 

monosporidial 

cultures 

11 

U. 8triaefo\ 
Monosporic 

12 

rmiSf 

iial cultures 

17 

19 

V, hidlata 

N-A 111 


+4+4 



i t 

112 


- 

4 

4 

t ( 

N-J 51 

- 


4 

4 

t ( 

52 

4-hf- 

+hff 



(< 

R-A 71 

1 


[ 4 

, 4 

t ( 

* ^ 72 

1 +++ i 

+^ f 


- 

(t 

R-G 51 1 


- 

; +4 

4 

(t 

“ 53 ; 

; +44+ ' 

-‘-4+f 

1 

1 

i ( 

M-C 321 

1 

: 

! 

! + 

ti 

* ‘ 123 

1 4-H. 

: +^4. 

I - 

j M* 

{t 

M-L 61 j 

1 +4+ i 

i 441 - 4 - 


1 ^ 

11 

'' 63 1 

1 

; 

4 

1 + 


“Legend: +++4 = abundance of both fusions and infection hyphae. 

-f-H- =: * < < ‘ fusions but less of infection hyphae. 

■H = ' ^ ** ** , ^vith few infection hyphae. 

+ ~ ** ** “ very few or no infection hyphae. 

-=: neither fusions nor infection hyphae. 

*• U. striaeformis I^r-B collection from Elymus glaucus; V, bullaia N-A = collection 
from Agropyron panciflorumy N“.T=:col. from K, canadensis\ H-A-ihid, from Hordcnm 
nodosum ; E“G “ ibid, from Si (anion jvhaium J. G. Smith; M-C -ibid, from Bromus mar- 
ginaius Noes.; M~L = i&u/. from Bromus anomalus Rupr. M~C and M~L have earlier been 
known as V. bromivora (Till.) Pisch. von Waldh. (16). The arabic numerals appended to 
the collection symbols indicate tin' x»<*digrc‘e of the monosjioridial cultures. In every case 
the last digit indicates the origin of tin* culture with reference to the position, on the 
promycelium, of the isolated sporidium from which the culture originated. The remaining 
digit or digits refer to the number given the chlamydosx>ore from whose promyoelium the 
sporidia were isolated. The numbering of the chlamydospores always begins with the 
digit 5, so as to avoid confusion with sporidium numbers that ordinarily range from 1 
to 4. Arbitrarily, the sporidium from the distal cell of the ]»romycclium is designated as 
No. 1, and the numbering proceeds toward the spore. (Thus, monosporidial culture M~C 
123 arose from the third sjioridium on the promycclium of ehlamydospore No. 12). This 
method of indicating jiedigree could not be applied to U, striaeformis because of the indefi¬ 
nite position of the sporidia on the branched promycelium. 

of srnnt fungi, due to the association, in the copulating sporidia, of 2 nuclei 
representing the 2 different species. In one case the 2 nuclei are compatible 
and an infection hyplia results; in the other case the association is incom¬ 
patible and usually no further development takes place. However, this 
fundamental difference between the nuclei must be independent of sex 
potential; otherwise, presumably, sporidia of opposite sex, but having 
incompatible nuclei, would not even fuse. 

The profuse development of infection hyphae resulting from sporidial 
fusions between certain monosporidial lines of opposite sex of Ustilago 
striaeformis and Z7. hUllata, as compared with the absence of such infection 
hyphae in other combinations of opposite sex of the same species, suggests 
that the former type might be expected to represent suflScient compatibility 
to result in the development of mycelium and Fi chlamydospores when 
applied to some common host. Likewise, the sporidial fusions wherein very 
few or no infection hyphae result might not be expected to result in such 
infection and spore production. Experiments are in progress to test out 
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these possibilities ou Agropyron pauciflorum, Elymns canadensis and E, 
sibiricns, which are common hosts for both species of smut fungi. 

Cultures L~B 11, 12, 17, and 19 of TJstilago siriacformis also were mated 
with monosporidial caxltures of TJstilago nigra and U. hordei, but, although 
in some cases rather numerous sporidial fusions resulted, a very low degree 
of compatibility was indicated as compared with the combinations with V. 
bnllata, 

4. Behavior of TJsfilago siriacformis in Cnliurc on Agar Media. Althougli 
earlier investigators have reported that Usfilago striaeformis is incapable of 
development on artificial media, the writer has found that the race of this 
species, which occurs on Agropyron and Elymns in the Northwest, is one of 
the most easily cultured and most rapidly growing smut fungi in his experi¬ 
ence. 

Shortly after obtaining the 9 monosporidial cultures of opposite sex, as 
described above, it was decided to try a culture of each of the 2 sex groups 
on different agar media. For a preliminary experiment 4 agar media were 
finally selected: (1) raisin agar, containing an infusion from 100 grams 
raisins per liter, with .1 ])er cent peptone added; (2) potato-dextrose 
agar, containing 200 grams potatoes and 20 grams dextrose per liter; (3) 
‘‘P. D. A. 4,’^ a modifi(‘ation of i)otato-dextrose agar, containing 1.5 per cent 
malt extract and .1 per cent peptone per liter; and (4) pea agar, containing 
an infusion from 300 grams dried peas, 2 per cent dextrose, 1 5 })er cent 
malt extract, and .1 ])er cent peptone per liter. Duplicate 50 mm. Petri 
dishes of these media were inoculated and incubated at room temperature. 
(20-22® C.) for four weeks. The growth response of the two (*ultures is 
illustrated in figure 3. The growth on the raisin agar was rather weak, but 
was good on the other three media. With both sexes the best growth was 
obtained on the modified potato-dextrose agar. 

Since the agar containing potatoes, dextrose, malt extract, and peptone 
proved to be the best in the above experiment, an attemixt was made to deter¬ 
mine the optimum proportion of these ingredients. Accordingly, 25 differ¬ 
ent combinations of these, all in 2 per cent agar, were prepared and poured 
into 50 mm. Petri dishes (Table 3), and represent only third of the 
possible combinations at the gradations shown. In conjunction with a simi¬ 
lar experiment with other grass smut fungi, these })lates were inoculated in 
duplicate with one monosporidial culture of TJstilago siriacformis (LA-B 17). 
They were incubated at room temperature for 2 weeks, at the end of which 
time the diameter in mm. of each colony w^as recorded. The data are pre¬ 
sented in table 3 and the growth response is shown in figure 4. 

The results of the above experiment indicate a rather wide tolerance in 
TJstilago striaeformis of high concentrations of the nutrients used. It is 
surprising that growth was obtained on agar No. 25, containing 40 per cent 
dextrose, as is the tolerance to 35 per cent dextrose in agars No. 20 and 24. 
One of the agars resulting in the largest colonies is No. 15, containing 25 
per cent dextrose; but, on the other hand, some of the other agars just as 
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Fig. 3. Growth of UsHlago striaeformis (two cultures of opposite sex) on agar media. A. Culture Ir-B 11 on (left 
to right) raisin agar, potato-dextrose agar, potato-dextrose malt-extract agar, and pea-infusion agar. B. Culture Ii-B 19 
on the same media. Four-weeks growth in SO-mm. Petri dishes, at room temperature. 
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TABLE 3 .—Summary of the slse of colomcs pi‘ 0 (hiced on 25 combinations of potato 
decoction, dextrose, malt extract, and peptone m 2 per cent agar, by Vstilago striaeformis 
{L-B)* Two weeks* growth at room temperature 




Composition of the agars 

J 

L-B17 

Agar 

'■ .''... ' 1 

Dextrose j 

Potatoes 

i 

Malt 

extract 

Peptone 

Diameter of 
colony 

No. 

percent ' 

grams 

per cent 

per cent 

mm 

1 . 

0 

400 

20 

0.2 

15 

2 

1 

300 

15 

0.3 ; 

1 35 

.3 


200 

10 

0.5 

24 

4 

4 I 

100 

6 

0.75 I 

24 

5 ... 

i 8 1 

0 1 

4 

1.00 ! 

1 26 

6 

1 1 ' 

500 ; 

15 

0.15 , 

16 

7 

2 

400 ; 

10 ; 

0.2 

13 

8 

4 

300 

® i 

0.3 ! 

15 

9 

8 

200 

4 ' 

0.5 

16 

10 

15 

100 

2 

0.75 

20 

11 

2 

600 

10 

0.1 

10 

12 

1 4 

,500 

6 

0.15 

19 

13 

' 8 

4m i 

4 

0.2 

23 

14 

‘ 15 

300 

2 

0.3 

14 

J5 

25 ( 

200 

1 

0.5 

27 

16 

4 

700 

6 

0.05 I 

18 

17 

8 i 

600 

4 ; 

0.1 

27 

18 

1 15 I 

500 ; 


0.15 

24 

19 

25 1 

400 1 

1 I 

0.2 

20 

20 

35 ' 

300 1 

0.5 

0.3 

16 

21 

8 

800 

4 

0.0 1 

27 

22 . 

15 

700 1 

2 

0.05 : 

25 

23 

25 

600 1 

1 

0.1 i 

20 

24 

35 

500 ! 

0.5 

0.15 1 

13 

25 .. 

40 

400 

0 

0.2 1 

1 

6 


good, at least from the standpoint of the size of colony j)ro(luced, aiunibers 
3, 4, 5, 17, 18, 21, 22, contain from 2-15 per cent dextrose. 

It would appear from the data that different amounts of peptone and 
potato eanse less difference in growth response, from the staiidi>oint of 
size of colony, than do the dextrose and malt extract. However, the experi¬ 
ment indicates that, while no one combination of the 25 tested is undoubtedly 
()l)timum, certain proportions of potato, dextrose, malt extract, and 
peptone are decidedly better than others for the production of vigorous 
colonies of a good sporidial consistency. In general, agar No. 5, containing 
8 per cent dextrose, 4 per cent malt extract, and 1 per cent peptone, repre¬ 
sents one of the best if not the best combination tried. This formula is 
being used at the i)resent time for all of the writer^s cultures of Ustilago 
strim formis, as well as for other smut fungi. 

Inoculation Experiments 

Inoculation experiments wdth Vstilago striaeformis have been performed 
by Davis (10,11, 12), Osner (29), and Liro (28), although the work by Lire 
was done under other species (biologic species) names. Davis inoculated 
seedlings of Agrostis alba, Dactylis glomeraia, Phleum pratense, and Poa 
spp. Osner inoculated Phleum pratense and obtained very inconclusive 
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Fig. 4. Growth of Vstila/jo ^triarforvus on 25 differout combinations of ]»otato 
decoction, dextrosi*, malt extract, and pejitoue in 2 jicr cent agar. (,V>mpare with Table 3. 
Four-week growth in 50*nim. Petri dishes. 

results, it being obvious that his seed already carried the fungus. Davis 
secured no higher than 60 per cent infection of tiinotliy seedlings seed¬ 
ling inoculation, and, even then, the hulls had been removed from the seed. 
By planting timothy seed in soil artificially contaminated with smut spores 
of U. striaeformiSy he obtained as high as 72 per cent infection. His method 
of inoculation was quite laborious: the inoculum had to be after-ripened’' 
under specified conditions of time, temperature, and moisture; the spores 
would not germinate unless covered wnth a film of water; and the seeds were 
(except by soil inoculation) germinated and hulled before inoculation. 






108 Phytopathology [Vol. 30 

Osner (31) believed he had sufficient evidence to prove that blossom 
infection obtained in Ustilago striaeformis, but Davis (11) definitely dis¬ 
proved this. Exhaustive blossom-inoculation experiments gave negative 
results. 

Liro (28) obtained satisfactory results merely by mixing seed and spores 
together (presumably dry). 

1. Field Experiments in 1937, Inoculation experiments with Ustilago 
striaeformis by the writer indicate that such studies with this race on Agro- 
pyron, Elymus, etc., in the Northwest involved considerably less complica¬ 
tion and trouble than was experienced by Davis in his studies of races on 
AgrostiSy Phleum, Poa, etc. Noting that some plants of Agropyron pauci- 
florum in the greenhouse (transplanted from the field where they had been 
found infected with stripe smut) were producing sori in abundance some¬ 
what prior to the time of the annual spring (1937) seeding and inoculation 
experiments, it seemed that here might be some inoculum for such experi¬ 
ments with stripe smut. Spores smeared over potato-dextrose agar germi¬ 
nated about 90 per cent. Considerable inoculum was collected from these 
greenhouse plants over a period of about a month and very little reduction 
in percentage of germination was observed during this time. The inoculum 
was prepared in the form of a spore suspension as already described along 
with the method of inoculation, under ‘‘Materials and Methods. 

As a preliminary experiment, 50 seeds of each of the grasses listed in 
table 4 were inoculated, allowed to dry enough to permit handling, and then 
sown in 5-foot nursery rows. Within a few weeks after seeding, some of 
the grasses (Agropyron subsecnndum, A. panciflornniy et al.) began to show 
the first symptoms of infection, and others followed sooner or later. The 
filial data from this experiment are present in table 4. 

The data recorded in table 4, while based on too few plants per row to be 
very reliable, did nevertheless indicate the susceptibility of various species 
of Agropyron, Elymus, and Hordetim to this collection of Ustilago striae¬ 
formis from Agropyron pauciflorum, 

2. Field Experiments in 1938, In March, 1938, after monosporidial 
cultures of opposite sex of Ustilago striaeformis had been obtained, it was 
decided to try these as inoculum. Allison (1) recently had reported great 
success in the use of suspensions of sporidia of opposite sex as inoculum in 
his studies of U, hordei and U, nigra. It was thought that if sporidial cul¬ 
tures of the stripe-smut organism could be used for inoculum, one need not 
be concerned with having a supply of viable chlamydospores for such 
purposes. 

As a preliminary test of the efficacy of suspensions of sporidia of oppo¬ 
site sex as inoculum, approximately 200 seeds of Agropyron subsecundum 
(Acc. No. 13), shown in 1937 to be highly susceptible, were so inoculated, 
using the partial vacuum method, and sown in rows in the greenhouse. The 
seed was not allowed to dry before planting. Within 4 weeks after planting 
the first sori appeared; at the end of 6 weeks they were abundant. Of 164 
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TABLE 4 .—Eeaotion of AgropyroUf Bromus, Elymus, Festuca, Hordeum and Sitanion 
spp. to Ustilago striaeformis from Agropyron pauciflorum. 


Grass species 

Writer 

Acc. No. 

I No. plants 

’ No. smutted 

Percentage 

infection 

- 

Agropyron caninum , 

282 

i 9 

9 

300 

* * cristatum 

290 

1 

1 

100 

it it 

304 

_a 

0 

0 

' ^ elongatum 

299 


0 

0 

* * inerme 

268 

1 

1 

100 

it it 

270 

5 

1 

20 

pauciflorum 

249 


0 

0 

it it 

288 

5 

1 

20 

it it 

251 

4 

2 

50 

it it 

324 

7 

1 7 

100 

‘* pungens 

298 

- 

0 

0 

* * sihirioum 

291 

- 

0 

0 

^ * smithii 

285 

- 

0 


* * suhsccundum ... 

13 

6 

6 

I 100 

a it 

309 

- 

0 

1 0 

** spicai'um 

i 1 it 

264 


0 

0 

265 

3 

1 

33 

* * repens 

297 

- 

0 

0 

** Inchophorum 

296 


0 

0 

Bromus ciliatus 

247 

- 

0 

0 

marginatus 

' 48 

- 

0 

0 

ieeiorum 

165 

— 

0 

0 

Elymvs canadensis 

, 128 


0 

0 

* ‘ glaums 

- 3 

4 

4 

100 

it it 

i 5 

3 

1 

33 

^' striatvs 

124 

~ 

0 

0 

‘ ‘ virginicus 

131-35 

0 

0 

0 

Festuca elaiior 

191 

— 

0 

0 

liordcurn hrcvisuhulatu m 

302 

5 

1 

20 

Sitanion hystrix 

300 

— 

0 

0 


a - “ number of plants was not recorded in rows showing no smut. 


plants ill the rows, 149, or about 90 per cent, showed smut typically and 
unmistakably. A check row (^f the same grass contained no smut. This 
preliminary test indicated that sporidia should be reliable inoculum for field 
plantings. 

In the spring of 1938 (Apr. 16-20) the following species were inocu¬ 
lated with s])oriclia of opposite sex and seeded in 5J-ft. nursery rows; Agro¬ 
pyron cunhmm, A. ciliarc, A. cristatuni, A, dcaertornm, A. elongatum 
(Host) Beauv., A. inerwc, A, pauciflorum (34 collections and selections), 
A. pungcns, A. sibiricuin, A. smithii, A. spicaUim, A. semicosiatum, A. sub’- 
sccundum, A. irichophormn (Link) Richt.; Agrostis alba; Arrhenaiherum 
elatius (L.) Mert. and Koch; Bromvs ciliatus L., B, marginatus Nees; 
Dactylis glomcrata, Elymvs canadensis, E. sibinciis, E, villosus Muhl., Jff. 
virginicus var. australis (Scribn. and Ball) Hitchc.; Holcus lanatus; Hor- 
deum brcvisubulaium, JST. bulbosum L., JT. gussoneanum Pari., H, jubatunif 
jBT. jubaium var, cacspitosuni, If. murinum L.; Lohum perenne; Phleum 
pratense; Poa pratensis; Sitanion hystrix. 

In general, good stands resulted from these inoculated seeds. In some 
rows smut began to appear as early as June 1. Infection counts were de- 
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layed until about the middle of July when it was noticed that in some of the 
rows the plants were snccumbins: to the infection. Row by row, the plants 
were uprooted and the total number and the number showing smut in each 
row were recorded (Table 5). The data concerning the 34 selections and 

TABLE 5 .—XcactioH of Apropi/roii, Ely mux anH Jlordeiim spp. io a ooUecHon L-B 
of UsUlaf /0 sirmeformis from Elymu,s yiaacus 


Specios 

Writer’s 

i S.t'J.N. 

No. 

I No. 

Percent- 

Ace. No. 

1 No. 

plaiitg 

{ smutted 

age smut 

Agropyron. criataium 

29 


35 

2 

13 

i i 

i t 

36 


72 

31 

15 

t ( 

n 

290 

W. 2413 

138 

25 

18 

t i 

semicosiaium 

377 

W. 2903 

75 

11 

35 

C ( 

suhsecundum 

309 


48 

20 

42 

i i 


12 


37 

5 

34 

i ( 

(( 

13 


30 

18 

60 

( i 

8P. . 1 

310 


132 

! 2 


Ely mus canadensis . . i 

341 

W. 2389 

79 

: 61 

77 

‘ ‘ sibiricus ! 

335 

W.214 

79 

51 

65 

1 i 

I 

338 

W. 225 ! 

20! 

381 1 

90 

Ifordcum hrevisvhulaium 1 

302 

W. 303 

85 

8 1 

9 

i t 

juhatum var. 1 


i 


1 



caespitosum j 

334 


33 

12 

92 

(t 

jubatum 1 

15 


33 

17 

52 


collections of slender wlieatgrrass will be presented and discussed below, 
under ‘‘Varietal reaction of selections and collections of slender wheatf^rass 
to Ustilago striaefonnis,^* 

Of the 33 species and varieties inoculated only 7 showed smut. These 
are listed in table 5. On the basis of these I’csults Agro}>yr<m paticiflonim, 
A. suhsccvndum, Elymus canadensis, E, sihinciis, Hordcum jubatum, and 
H. jubatum var. caespitosum are highly susceptible to this collection (L-1^) 
of Ustilago striaeformis from Elymus glaiicus, Tlie absence of even a trace 
of stripe smut on any of the acjcessions of redtop, timothy, orchard grass, 
Kentucky blue grass, and velvet grass indicates further proof that the stripe 
smut on Agropyron and Elymus in the Northwest is a race A^ery distinct 
from the races studied by Davis (11, 12) and Osiier (29). 

3. Greenhouse Experiments. The siiccessful inocuJatioJi of Agropyron 
siibsecnndum with Ustilago striaeformis in the greenhouse, as described 
above, suggested that possibly studies of the stripe smut of grasses could be 
carried out in the greenhouse, since it would not be necessary for the grasses 
to come to maturity, as it is with inoculation experiments with most smuts. 
If good infection could be obtained from sporidia or spores and a reading 
obtained within 6 weeks, as the preliminary iiKxmlatioii of A. subserundnm 
indicated, then greenhouse studies of stripe smut could be pursued with 
almost as much ease as are those that concern the rusts of cereals and 
grasses. 

On Jan. 21,1939, 40-50 seeds of each of the following grasses were inocu¬ 
lated with (1) chlamydospores of Ustilago striaeformis collection L-A (from 
Agropyron pauciflorum), (2) chlamydospores of collection L-B (from 
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Elymns glaucus)^ and (3) suspensions of sporidia from monosporidial cul¬ 
tures of opposite sex of collection L-B; Agropyron caninum, A, ciliare 
Pranch., A, crisiaium, A. dcscrtorum (Pisch.) Schult, A, elongatum, A, 
inerme, A, repens, A. semicostatum, A, sibiricum (Willd.) Beauv., A. smithii, 

A. spicattim, A. subsecundum, A. iricJwphorum; Agrostis alba; Arrhenath- 
erum elatius; Bromus brachystachys, B, brizaeformis Pisch. and Mey., B. 
erveius Huds., B. hordeaceous L., B. inermis Leyss., B. japonicus Thunb., 

B. mollis L., B. tectorum L.; Dactylis glomerata; Elymus canadensis, E. 
canadensis var. rohustus, E, glaucus, E. sibiricus, E, villosus, E, virginicus, 
E, virginicus var. australis; Festuca idahoensis Elmer; Holciis lanatus; 
Hordcum gussoneanum, H, jubatum, H, jubatum var. caespitosum, H. brevi- 
subulatum, II, nodosum; Lolium ])ercnnc; Phlcum pratense; Poa pratensis; 
Sitanion hanscnL 

On Peb. 24, 1939, the first sori were noticed, although it is probable that 
by careful searching they might have been found before that date. On 
March 25 data were taken, recording the total number of plants and the 
number showing smut for each inoculation. 

Of the 42 species and varieties inoculated, 11 showed stripe smut in 
varying percentages. These are listed in table 6, which also contains infec¬ 
tion iiercentages indicating the relative efficacy of spores and sporidia as 
iiKxnilum. 


TABLE 0 .—Reaction of species of Agropyron, Elymus, Hordcum, and Sitanion when 
inoculated with spores and sporidia of IJslUago stnacformis in the greenhouse 



Acc. 

No. 


Percentage of infection* 


Species 

Check 

1 Col. fr-A 

1 (sijores) 

Col. L-B 
(spores) 

Col. L-B 
(sporidia) 

A gropyron can )V u m 


0 

34 

91 

80 

“ crisiaium 

195 

0 

0 

5 

' 0 

H ( i 

CIO 

0 

0 

0 

30 

‘ ^ inerme 

268 

0 

30 

27 

38 

** smiihii 

308 

0 

n 

0 

15 

snbs€cu7tdi(m 

aoi* 

0 

. 0 

o 

0 

it < < 

ViH 

0 

29 

5 

11 

it it 

V2 

0 

- 44 

10 

0 

it it 

• 1 

i 3^5 I 

0 

; 11 

34 

i 56 

Kliftnus canadensis , 

341 

0 

i 33 

17 

25 

“ viu\ robust us 

120 1 

1 

0 

28 

13 

‘ ‘ gtaifcus 

' 127 1 


34 

; 0 i 

0 

it it 

, 342 

0 

29 

6 1 

29 

sibiricus 

335 

0 

0 

4 I 

17 

a i( 

1 338 

0 

33 

44 ! 

41 

Hordcum nodosum 

109 

0 

7 

0 

0 

n it 

189 

0 

I 0 

2 j 

9 

Sitanion hanseni 

392 

0 

50 

^ 1 

0 

Average 

1 _ _ ' 

0 

i \ 

1 I 

19 


* Based on plant counts. 


The results of this inoculation experiment indicate that, in general, 
sporidia of opposite sex are just as effective for inoculum in greenhouse 
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studies of this race of Ustilago striaeformis as are spores. Considering the 
ease with which U, striaeformis may be cultured and the rapid growth of the 
cultures it seems that sporidia might well be used entirely for inoculation 
experiments, and the investigator would not have to be concerned with the 
necessity of maintaining a supply of viable chlamydospores. 

On the basis of the results of this experiment it cannot be determined 
definitely whether collection L~A, from Agropyron pauciflorum, is patho- 
genically different from collection L~B, from Elynms glaucus. 

A comparison of the data in table 5 with those in table 6 indicates to 
some extent that infection percentages obtained in the field were generally 
higher than those obtained in the greenhouse, even with the same grasses. 
Further experiments are neeessarj^ definitely to prove or disprove this. The 
smut sori begin to appear in inoculated grasses in the greenhouse as soon as 
or sooner than in the field, and data on a series of inoculations can be taken 
within 2 months after planting. It is thought that eventually inoculations 
of grasses with Ustilago striaeformis can be as reliably conducted in the 
greenhouse as can those with the various rusts. 

Varietal Reaction of Selections and Collections of Slender 
Wheatgrass to Ustilago striaeformis 

Considering the effect of stripe smut on its hosts, it is the opinion of the 
writer that this disease has the possibilities of becoming one of the most 
serious of slender wheatgrass and certain other grasses in the Northwest. 
As has been true in the researcli programs concerning other plant diseases, 
the search for resistant or immune strains of the host plants should be 
included in practical studies of the stripe smut of grasses. 

Since the writer had several collections and selections of slender wheat- 
grass and since many others were available through the courtesy of cooper¬ 
ating agencies, it was decided to test these for relative susce])tibility to 
Ustilago striaeformis. Thirty-four strains of slender wheatgrass were in¬ 
oculated with collection Ij-B (from Elymus glancus) of U. striaeformis. 
The seed was inoculated witli an aqueous suspejision of sporidia of opposite 
sex, and planted in nursery rows in the spring of 1938. Although the smut 
began to appear in a few weeks after seeding, the taking of data was de¬ 
ferred until about the middle of July, when it was noticed that many of the 
infected plants were dying due to inability to withstand drouth because of 
the shredded condition of the leaves, produced by the stripe-smut infection. 
The plants in each row were uprooted and data taken on a plant-count basis 
(Table 7). 

As seen from table 7, there is surprisingly little resistance in the 34 
selections and collections of slender wheatgrass inoculated with stripe smut. 
Only 6 selections appeared promising as resistant or immune stock: Acc. 
Nos. 74, 137, 249, 250, 252, 259. These results indicate that slender wheat- 
grass, as a species, is quite susceptible to stripe smut, and, such being the 
case, attention should be given in the grass improvement program to selec¬ 
tions resistant to or immune from this disease. 
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TAHLiB 1 .-^Vdfietul recLction of selections and collections of slender wheatgrass to Usti^ 
lago siriaeformis from Blymus glancas 


Writer's 
Acc. No. 

Other No, 

1 

No. 

plantR 

No. 

smutted 

Percentage 

smut 

6 . . i 


20 

11 

65.0 

56 

Sel. from Wn. 279*» 

1 84 

58 

69.0 

57 


111 

45 

1 40.5 

58 

Wn. 251 ! 

38 

18 

! 47.3 

69 

Wn. 241 

73 

41 

! 58.0 

60 1 

Wn. 239 ! 

38 

12 

i 31.6 

61 ' 

Sel. from Wn. 279 

60 

24 I 

1 40.0 

62 , i 

Wn. 249 

296 1 

90 

30.4 

63 ' 

Wn. 242 

76 ; 

23 

' 30.2 

64 

Sel. from W'^n. 279 

211 

33 I 

t 15.0 

65 

do 

114 

41 ' 

35.9 

66. ; 

do 

32 

17 ! 

53.1 

67 i 

do 1 

85 1 

77 1 

90.5 

68 ! 

do 

172 1 

69 

34.3 

69 ' 

Wn. 253 

168 1 

86 

51.1 

70 

Wn. 512 

87 ! 

31 

35.6 

71 


1.56 i 

52 

33.3 

72 

Wn. 435 

57 1 

36 

63.1 

73 

Wn. 434 

99 

65 

65.6 

74 

W^n.472 

187 , 

14 

7.4 

75 

Sel. from Wn. 279 

103 

46 

44.6 

S3 


106 ! 

43 

40.5 

84 


100 ; 

35 

35.0 

137 


a ! 

0 

0.0 

249 

Var. Grazier^* W. 3123<* 

104 

2 

1.9 

250 

Var. ^‘Fvra'^ W. 3218 

! 

0 

0.0 

251 

W. 2712 

205 

56 

26.3 

252 

W. 934 1 

13 i 

1 

7.7 

253 

W. 591 ' 

70 

29 

41.4 

254 

Var. MeccaW, 3124 

217 

72 

34.1 

259 

W. 879 


0 

0.0 

288 


138 ! 

53 

38.4 

306 

i 

150 1 

44 

29.3 

324 

1 

59 ! 

29 

49.1 


^ Number of plants was not (b‘termined in rows showing no smut. 

Numbers preceded by Wn. are of the Wash. Agr. Exp. Stat. 

® “ W *<*<<< Pullman Unit of the Soil Conservation Service, 

Section of Nurseries. 

The Possibility of Seed Carriage in the Life History of 
Dsiilago siriaeformis 

Davis (10) has shown that as far as stripe smut in timothy is concerned, 
infection occurs from after-ripened spores in the soil. He showed that in¬ 
fection seldom, if ever, results from seed-borne spores or mycelium. Of 208 
plants resulting from seed taken from infected plants, only one showed smut 
and, as Davis (10) points out, it was in one of the uncontrolled plots. He 
thus showed that seeds home on infected culms do not produce infected seed, 
either as a result of penetration of the mycelium of the host plant into the 
ovaries on that plant or as a result of the lodging of wind-borne spores 
between the palea or lemma and the developing seed within. 

It seems desirable in this connection to record here a simple preliminary 
experiment very strongly indicating that at least this new race of UstUago 
siriaeformis on Agropyron and Elymus in the Northwest is seed borne. As 
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already explained several plants of slender wheatf?rass, infected with stripe 
smut (original collection Le-A), were transplanted From the field to the 
greenhouse where they continued to produce smutted leaves and culms. On 
each plant were a few culms, on which at least some seed was produced. 
Some of these seeds were harvested so as to obtain a smut-free stand of a 
susceptible host on w^hiidi stripe smut could be propagated, it being remem¬ 
bered that Davis (11) had shown that, at least as far as the smut on timothy 
is concerned, the organism is not seed-borne. These seeds were sown in the 
nursery in the spring of 1937. 

The writer was surprised to find that every plant in the 'nursery row in 
which the seed had been sown was infected with stripe smut, and not one 
survived to prodiice nny seed. 

This experience and the fact that, as has beeji shown above, seed inocu¬ 
lations have been so successful, indicates that at least this race of Ustilago 
striaeformis is certainly seed-borne. This aspect of the life history should 
be investigated with regard to other races of TL sfriaefornris. 

DISCUSSION 

A comparison of the results here reported on life-history and inoculation 
studies of Ustilago sfrineforniis with those of earlier investigators makes it 
obvious that the collections Tj~A and L-B, from Agropyron pauciflornm and 
Elynius glaucus, respectively, constitule a ra(*e of this smut fungus that is 
very different from any heretofore investigated. This race differs from 
other races that have been studied in its pathogenicity, pro<tess of spore 
germination, physiological requirements for germination, and its ability to 
grow saprophytically. Furthermore, aside from a very few fusions between 
atypical non-abstricted lateral sporidia observed b^' Davis (9), studies of 
this race provide the first information we have liad regarding the sexuality* 
of Z7. striaeformis. 

The fact that the collections Ij-A and L-B of Ustilago striaeformis could 
not infect redtop, Kentucky bluegrass, orchard grass, and timothy proves 
that those collections are pathogenically distinct from any of the races de¬ 
scribed on these hosts. Inasmuch as no inoculation experiments have been 
heretofore reported dealing with collections of U. striaeformis on Agropyron 
and Elymus spp., it seems probable that collections L-A and li-B represent 
a new race of this smut species, with a comparatively wide host range of 
grasses in the genera Agropyron, Elynins, Hordeum, Sitanion, and perhaps 
others. 

The production and abstriction of typical sporidia, which characterizes 
this race, has not been heretofore described for Ustilago striaeformis. The 
development of 2 or 3 or more germ tubes or prornycelia from the same spore 
is also new to 17. striaeformis. According to earlier descriptions of germi¬ 
nation in this species, a single elongate promyeeliura is extruded through a 
crack in the spore wall, which bears lateral branches or ‘‘primary sporidia 
that are not detached. 
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The after-ripeniiig iieriocl of several months in a moisture-saturated 
atmosphere at room lemperature, which Davis (9) has shown to be pre¬ 
requisite to successful spore gc<?rinination in the races of Ustilago striae- 
formis that he studied, apparently does not apply to this new race on Agro- 
pyron and Elymus spp, in the Northwest. In the studies here reported, 
successful ^germination of fresh spores was nearly always possible, or if fresh 
spores failed to germinate well, several weeks^ dry storage at room tempera¬ 
ture usually sufficed to induce good germination. However, the fact that 
in a few cases fresli spores of this new race of V. striaeformis failed to show 
more than a trace of germination, and the fact that in one instance a collec¬ 
tion of this smut from Kentucky bluegrass showed 85 per cent germination 
after 21 mouths’ dry storage and without any after-ripening period under 
moist (‘onditions, indicates that we do not yet have a complete understand¬ 
ing of the physiological requirements for germination of the spores of this 
smut fungus. 

This new race of Vstihgo striaeformis is easily cultured and maintained 
on artificial media, which is in marked contrast to all other races studied 
heretofore in which the investigators could not induce the slightest sapro¬ 
phytic development. In the present studies vigorous, rapidly-growing cul¬ 
tures were easily obtained. 

The data com^erning the st‘xuality of the sporidia ])resented in this paper 
establish our first knowledge of the role of sex in the life history of Ustilago 
striaeformis, wherein it is seen that this smut fungus, although, in the 
symptoms produced, difl’tu'ing widely from most smut fungi that have been 
so investigated, is, nevertheless, very similar to tliese with respect to spo- 
ridial fusions, development of infection hyphae, and the initiation of infec¬ 
tion by these hypha(\ In other words, it a^ipears that the fundamentals of 
the life history of striaeformis are not significantly different from those 
of other species of Ustilago. 

Considering the extent to which the race of Ustilago striaeformis on 
Agropyron and Ehfmns in the Northwest differs from those studied else¬ 
where and on other grass(*s, it might be considered that these races do not 
all belong to the same si>ecies; indeed, there might be some justification in 
treating this new race in tlie Northwest as a separate, probably new, species. 
However, the fact remains that the morphology of the spores of this race is 
not significantly different from that of the spores of races on other hosts. 
It is the opinion of the writer that, for this reason, and because they all pro¬ 
duce the same symptoms on the host plants, the race of U, striaeformis 
described in this paper should not be considered a valid species distinct 
from the type of U. striaeformis. 

Since the collections I^-A and D-B, from Agropyron pauciflorum and 
Elymus glancus, respectively, represent a new race of Ustilago striaeformis 
it seems desirable to give it some designation. Davis (13) distinguished 4 
physiologic races of 17. striaeformis: (1) forma Phlei, on Phletim pratense; 
(2) forma Agrostidis, on Agrostis palustris; (3) forma Poae-prafensis, on 
Poa pratensis; and (4) forma Poae-annnae, on Poa annua. Following Davis* 
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classification (12), and considering that this new race parasitizes several 
genera of the tribe Hordeae, it should perhaps be designated as Ustilago 
striaeformis forma Hordei 

Although experimental evidence is somewhat lacking, it seems probable 
that stripe smut is seed-borne. This supposition is supported by the fact 
that seed harvested from non-smutted spikes, borne on an infected plant of 
Agropyron paucifionimy yielded 100 per cent smutted plants. Inasmuch as 
the spores are developed and liberated throughout the period of blossoming 
and seed development, it seems probable that during the development of the 
seed the stripe-smut spores become lodged beneath tlie palea and lemma and 
either remain dormant there until the seed germinates, or may germinate 
immediately and develop in the pericarp or hull of the seed a mycelium, 
which becomes dormant as the seed approaches maturity. Thus, this phase 
of the life history of Ustilago striaeformis probably is much the same as in 
some of the cereal smuts, such as U, avcnae and Z7. mgra. Therefore, stripe 
smut in slender wheatgrass, and in other si)eeies of Agropyron and Elymus, 
as caused by the race Hordei of Z7. striaeformis, should be subject to control 
by the usual fungicides recommended for control of certain seed-borne smut 
fungi of cereals. Experiments are in progress to determine seed treatment 
methods of control of stripe smut under Northwest conditions. 

SUMMARY 

This paper deals cljiefly with certain aspects of the life history, physiol¬ 
ogy, and pathogenicity of a new i‘aee of Ustilago striaeformis occurring on 
grasses of the genera Agropyron and Elymvs in the Pacific Northwest. 

No after-ripening period under moist conditions was found prerequisite 
to successful germination of the spores, such as has been previously found 
necessary (10, 11) in certain races of Ustilago striaeformis. The period of 
germinability extended over a period of at least 7 months. 

The process of spore germination is described and illustrated. From the 
germinating spore 2 or 3 thick germ tubes emerge, rapidly elongate, and 
develop cross walls and branches. Tyiiical elliptical siioridia are budded 
from this complex promyeelium in abundance. These sporidia possess the 
ability to develop rapidly into large colonies on agar media. Any sapro¬ 
phytic existence has been heretofore unknown in Ustilago striaeformis. 

The sporidia are unisexual, representing one or the other of two sex 
groups. When sporidia of opposite sex are mixed together, especially on 
non-nutrient agar, they fuse within a few hours. Prom each fused pair 
there arises a long, vigorous, aerial infection hj^pha. 

The sporidia of this race of Ustilago striaeformis fuse readily with cer¬ 
tain otlier Kspecies of Ustilago. Mating experiments with 12 pedigreed mono- 
sporidial cultures of U. lullaia and 4 of U. striaeformis showed: (1) The 
sporidia of U. striaeformis are highly compatible with those of U. lullata; 
(2) certain combinations are far more productive of infection hyphae than 
are others; and (3) in every case this greater number of infection hyphae 
involved the same sex group of U. striaeformis. 
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Ustilago striaeformis has been artificially cultured for the first time. 
Four monosporidial cultures (2 of each sex group) have been easily main¬ 
tained on a variety of agar media. These cultures have continued a vigor¬ 
ous saprophytic development for over a year, having been transferred 
several times during this period. Although excellent growth is easily ob¬ 
tained on a variety of agar media, the optimum development has resulted 
on a 2 per cent agar containing 8 per cent dextrose, 4 per cent malt extract 
and 1 per cent peptone. 

Inoculation experiments have been easily conducted, using aqueous sus¬ 
pensions of either spores or of sporidia of opposite sex as inoculum, by the 
partial vacuum metiiod. High percentages of infection resulted on several 
species of Agropyron, Elymvs, Hordenm and Siianion. Agropyron smithii, 
A. stiisecundum, Elymv.^ canadensis var. rohustus, E. sihiricus, Hordenm 
juhatum, and IL nodosum are reported as new hosts to Ustilago striae¬ 
formis, on the basis of inoculation experiments. 

Inoculation experiments were completed in the greenhouse almost as suc¬ 
cessfully as in the field. In either case smut began to appear within 6 weeks 
after seeding. 

Apparently, this race of Ustilago striaeformis is seed-borne, which has 
not previously been demonstrated for this species. Seeds taken from 
infected plants of slender wheatgrass produced only smutted plants. 

Thirty-four selections and collections of slender wheatgrass were tested 
for resistance to this race of Ustilago striaeformis, with the result that most 
proved to be quite susceptible. Only 6 selections or collections appeared 
promising as resistant or immune stock. 

The need for some designation of this new race is recognized, and it is 
recommended that it be known as race Hordei, or Ustilago striaeformis 
forma Hordci, in keeping with the classification of physiologic races of this 
species that Davis (12) has already initiated. In spite of the striking dif¬ 
ferences from otlier races of U, striaeformis, with regard to (1) spore germi¬ 
nation and factors affecting the process, (2) pathogenicity, (3) cultura- 
bility, (4) sexuality, and (5) seed carriage of the organism, this new race 
is indistinguishable, on the basis of spore morphology, from other races, and 
probably should not be considered a distinct species. 

Washington Agkk’Ultiuuu Experiment Station, 

Pullman, Washington. 
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CORTICIUM AREOLATUM, THE CAUSE OF THE AREOLATE 
LEAP SPOT OP CITRUS 


Gerold Btaiiel 
(Accepted for publication August 17, 1939) 

Areolate leaf spot of Citrus is common in Surinam. Already, 20 years 
ag:o, the sour-orange stock of tlie nurseries was badly affected by this disease 
during long and heavy rainy seasons. 

In 1929 Bondar (2) in Bahia described tliis leaf spot for the first time as 
‘‘mancha areolada.'’^ In his opinion it is the same leaf spot that occurs in 
Italy, and, according to Penzig, is caused by Leptosphaeria ciiricola. 

Bitancourt and Jenkins (1) studied this disease again in 1935 and sup¬ 
posed the cause might be Leptosphaeria bomJari. Infection experiments, 
however, were unsuccessful. 

This Leptosphaeria, in Surinam, is very common on Citrus leaf spots. 
The same or a similar Leptosphaeria is found here as a common saprophyte 
on nearly every Cercospora leaf spot of the banana. It can be sliown that 
the Citrus Leptosphaeria also is a saprophytic fungus. 

The mycelium of the Le})tosphaeria ]eaf-si)ot fungus grows rapidly and 
is, therefore, most easily isolated from young areolate leaf spots. This 
mye(‘]ium is entirely different from that of L. bondari. It resembles strik¬ 
ingly that of some primitive Basidiomycetes. Clamp (*onnections are laeking. 

To eolleel further and specifie information about this parasite, I studied 
the (‘pidennis of many of the very youngest leaf s])ots not yet necrotic. The 
germ tube was found to pierce the enticule. Only once the .spore was still 
attached to the germ tube (Pig. 4, H). It was a unicellular, thin-walled 
s])ore of basidioinyeetous tyi)e. 

It, therefore, seemed very probable, that areolate leaf spot of Citrus is 
caused by a representative of the Basidiomyci'tes. 

OCCFKRENt’E AND SYMPTO.MS 

Not ail varieties of (^ifrus show the same .susceptibility to attack by the 
areolat(‘-leaf-spot fungus. Sour orange used for stock, suffers most severely. 
Grapefruit, ])oinel(), mandarin, and king also are susceptible. The common 
orange tree is fairly resistent, though, under heavy shade of Erythrina 
(jlauca^ even with oranges, many leaves may be spotted during a long rainy 
season.*'* On lem(»n, lime, sueeade, and kumejuat, I never observed areolate 
leaf spot. 

Only the very young, immature leaves are subject to infection during 
rainy weather. In Surinam, new shoots and twigs may appear on citrus 

1 In his original publication (j). 74) Bondar corrected ^^areolada^^ with ink into 
' ‘ aiiroolada. >' The term ** areolate leafspot’’ thus originated from a misprint, but is 
ased now exclusively. It seems to me bettor to peii)Ctuate this and not to confuse the 
literature with the rehabDitation of the original name. 

2 In Burinam, full-grown orange trees, if not irrigated, suffer more or less from die- 
hack. Under light shade of B:rythrhn gtauca, the shade tree used here for coffee and 
cacao, dieback of Citrus may entirely be prevented, even without irrigation. 
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trees throughout the year, excepting the dry season. If the new twigs grow 
out during a fortnight with none or only a moderate rainfall, all the leaves 
remain permanently healthy. During continuously rainy weather, however, 
the new leaves become successively more and more spotted, and, ultimately, 
so much so that all are shed. By that time a grapefruit tree shows plenty 
of old, darkgreen, healthy leaves, only the new ones being spotted or shed. 
The full-grown trees of the susceptible varieties, therefore, suffer severely 
only in years of abnormally long, rainy seasons. In the nurseries of sour- 
orange stock, however, this disease causes much more trouble; in wet years, 
the plants may be badly defoliated if no control measures are taken. 

The primary dead spots of mm. diameter appear, just as the leaf 
becomes full-grown, but still shows the light-green color of the immature 
leaf. In this stage the spots may begin to enlarge and continue to do so for 
many weeks during rainy weather. 

The very first symptoms are small light-green spots on the young, not 
yet full-grown and still soft leaves. These spots die after some days and 
form the above-mentioned neerotie primary spots (Fig. 1, A). In heavily 
infected nurseries I counted 100 and more of these primary spots on a single 
leaf. If this stage is reached during days of heavy rain, most of the spots 
enlarge and the leaf is shed after some weeks. If, however, the weather is 
dry, all the spots remain permanently at this stage, causing no trouble of any 
importance. 

The enlarging spots add every day one new ring to the spot. During 2 
weeks I followed daily the growth of 12 spots. Every morning one new 
water-soaked ring about 1 mm. broad was found around the spot. During 
the day this ring discolors into brown and the tissue collapses. At the same 
time the leaf cells contiguous to the spot are impregnated by a yellowish 
gum. This gummed barrier is not yet tight in the evening of the first day, 
so that during the night, if sufficient moisture is present, the barrier is passed 
by the fungus and a new water-soaked ring is added. The rings of gummed 
cells do not collapse and form the concentric ridges so typical for areolate 
leaf spot. These ridges are more prominent on the lower than on the upper 
side of the leaf. 

During dry weather the fungus stops growth and the gummed barrier 
is closed. Further spreading of the- fungus inside the leaf is impossible. 
Sometimes, however, if wet weather prevails, the fungus may still find one 
or a few breaches to pass through. In this case it forms the curiously 
branched spots, that may be found sometimes. Usually, the spots show 10~20 
rings, but in an extreme case I counted as many as 47 rings on a b^’anched 
spot. 

The enlarging of the primary spots seems to be more difficult than that 
of the ring spots. On most of the older spotted leaves several of these incon¬ 
spicuous primary spots may be found. But even if they expand, they usually 
do so asymetrically. Purely concentric spots are rare. 

The color of the spots is light-brown; that of the ridges, dark-brown. 
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The upper surface is glossy, the lower dull. Around the spots the leaf is 
discolored, becoming yellowish. 

During wet w^eather the lower side of many of the spotted leaves is 
covered with a wdiitish mildew (Fig. 1, B). There may be only a few patches 
outside the dead spots, sometimes, however, a big part, exceptionally the whole 
leaf, may be covered with it. Even the dead spots may show the mildew. 
These patches are nearly always very inconspicuous, especially on the light- 



Fig. 1. A. Hour orange leaf with areolate leaf spots and 22 primary, not developed 
spots. B. Low( 3 r surface of s(mr orange leaf. On the riglit in the middle note the 
<*piphyllic basidiophorous inyeelium. 

green, dull, lower leaf surface. It was Bitaucourt wlu), during my visit to 
Rao Paulo, in October, 19:58, called my attention for tlie first time to this 
very important symptom of areolate leaf spot. During: very wet weather 
it sometimes happens, that even the tipper surface of the leaf may show hig 
patches of mildew, easily visible on this dark-green side of the leaf. 

During wet weather the mycelium in the dead spots of the fallen leaves 
grows profusely out into the soil, and it is not without some effort that such 
a leaf can be detached from the underlying earth. Inspecting the lower 
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side of such a leaf, the spots appear to be covered with sand, and strands of 
hyphae covered with particles of sand hang down from tlie spots. As with 
other Corficinms, the areolate leaf-spot fungus is apparently a soil fungus. 
It is very probable, indeed, that it survives the long dry season in the soil 
in the form of selerotia to reinfect the Citrus leaves at the commencement 
of the rainy season. 

On young, green twigs primary spots may be found, as mentioned for the 
first time by Bondar (2). They never enlarge. 

On the fruits I never detected even primary spots, though it is not impos¬ 
sible, that they may be found there. 

The oldest parts of the spots are generally covered by small black points, 
the perithecia of Leptoaphaeria hondari, a common sai)rophyte. 

THE CAITRAL PITNGUS 

The fungus is easily isolated. A ])iece of a young areolate leaf spot, 
about 1 X i cm., is transferred to slant agar (Sabouraud). Within an hour 
the fungus grows all around into the agar. After 15 hours a strong myce¬ 
lium, 1 cm. wide, surrounds the piece. From the edges the pure mycelium 
may be transferred to new agar tubes. If a young, (*lean leaf spot be selected, 
no superficial disinfection is needed. I used only a disinfected knife and a 
sterile Petri dish to cut the piece. 

After about 4 days the mycelium covers the surface of tlie slant agar in 
the test tube. It is first hyalin but discolors quickly into a greyish brown. 
A low, rough, aerial mycelium covers somewhat irregularly the surface of 
the agar. The mycelium grows over the free surface of the glass, where it 
forms a fine, transparent, closely adhering mycelium of one layer of hyphae. 
On tliis mycelium some strains produce plenty of selerotia of about 1 mm. 
diameter; commonly, iJowever, no selerotia are formed in agar tubes. They 
are found most abundantly, when cultivated on sterilised potato slices (Pig. 
2); but, even here, some cultures show only a few or no selerotia at all. 

Young selerotia are whitish or light brown; later, they discolor into dark 
brown. 

The selerotia are formed by a clump of oidium-like, mueli branched, and 
curled hyphae, being lateral branches of the straight hyphae that creep over 
the glass. It’s structure is pseudopafenchymatic. Not the .slightest .trace of 
a cortex is present. Even in the centre, the different oidium-like hyphae are 
easily distinguished, though the intereellulars are not wide. In the outer 
parts of the sclerotium some of the common hyphae may be found from which 
the swollen sclerotial hyphae arise. 

I never found these selerotia outside the pure cultures, but I strongly 
suspect that they are formed in the soil by the mycelium that grows out so 
abundantly from the spots of the fallen leaves. 

On the potato slices a white, feathery, aerial mycelium appears consisting 
of strangely branched hyphae. 

In the leaf spots the fungus fills up practically all the spaces between 
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Fig. 2. Sclerolia on tlie inner surface of a wide mouth Erlenmcyer flask. Culture 
on potato. 

the mesophyll (*ells. Short side branches penetrate between the palisade 
cells. The hyphac here {?row tortuously, forming: knots. 

During rainy weather this mycelium grows out from the spots and 
spreads over th(‘ surface of the living parts of the leaf, as mentioned above. 
It is the same cobweb-like mycelium, that grows over the glass surface in 
pure cultures. Here however, the oidium-like side branches do not clump to 
form sclerotia but s})rea(l on the surface, producing on the lateral branches 
many isolated, short basidia (Figs. 3 and 4 D). During continuous heavy 
rainy weather the basidia produce 4 sterigmata, 10-13 p long, with a 3-3 J p 










Fig. 4. A-C. Hporulating })a8idia. B. Epiphyllic mycelium with basiclia. E. Ten 
basidiospores germinated on Habouraud’s agar. P. Easidiospores germinated iu water. 
G. Basidiospore germinated on Saboiiraud’s agar forming a sclerotium, fourth day after 
germination. 11. Germinatod basidiospore on sour orange leaf showing a small appres* 
sorium, a flat subcuticular hyplia, and hyphae in the palisade layer. 




1940J 


Stahel: Areolate Leaf Spot of Citrus 


125 


once I observed a basidium with 2. The basidia sponilate in groups, wherein 
every fifth to tenth may show sterigmata. 

Bondar found this mildew commonly associated with areolate leaf-spot, 
and named it Oidium citri, Bitancourt confirmed this and supposed already 
in 1933 (in a letter to H. S. Fawcett), that this Oidhnn may be a Cortieimn 



Fig. 5. A. 8mall flowerpot filled with moist sand. The buried sclerotia are grown 
out to form busidiophorous m.ycelia on the inner surface of the pot m well as on the sand. 
B. Moist flowerpot with basidiophorous iiiycelia grown out from about 1- areolate leaf- 
spots on the top of the inverted pot. 
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beloiif>*inj? as chief fructification to the leaf-spot funjrus. The fact, however, 
that he couldn^t find sporulatiiig basidia nor clamp connections was the rea¬ 
son that he didn’t mention this supposition in his publication written 
together with A. B. Jenkins in 1935 (1). 

I collected the spores in Petri dishes on microslides. Inside the cover 
several pieces of leaves, covered with mildew, WTre fixed by droplets of water. 
If loo many pieces are present in the same dish, the air becomes saturated 
with water and sporulation stops. In this case the epiphyllic hyphae grow 
out into a cotton-like aerial mycelium. Under adaquate conditions the pro¬ 
duction of spores is most prolific, if the leaves are collected during continuous 
rainy weather. Then, within 24 hours, the microslides become covered with 
a whitisli spore powder, easily visible to the naked eye. 

Before I discovered the basidia on the leaf surface, I cultivated them 
from sclerotia produced on thick slices of potato in Petri dishes. The scle- 
rotia on the inside of the cover were scraped together with a scalpel, brouglit 
into small flowerpots half filled with clean sterile sand, and buried 1-2 cm. 
deep. The whole was left moderately wet and uncovered, so that fresh air 
could circulate freely. 

After 10->14 days the inside surface of the flowerpot show^ed big patches 
of a white mildew exactly like that on the leaves (Fig. 5, A). Sporulation, 
however, is rather more prolific on the flow^erpots than on tlie leaves, appar¬ 
ently because the moisture is here more constant and may be regulated more 
conveniently. The basidia also are produced on the siiiface of the sand. 

In the same manner the mycelium in the soil of a nursery or an orchard 
may grow out at the commencement of the rainy season ajul produce basidia 
on the surface. These basidiospores reinfect the nursery plants. A heavy 
outbreak of the disease, however, is not possible before plenty of leaves are 
covered with mildew ])rodueed by the dead spots. 

It is not necessary to bury the sclerotia in the sand. TJie same thing 
happens if the sclerotia are put on a continuonsly and moderately moist in¬ 
verted empty flowerpot. Instead of scle*rotia 1 used with the same success 
young areolate spots cut out from spotted leaves (Fig. 5, B). The sclerotia 
and leaf spots, however, have to be covered during the first week with a 
small glass plate to retain the moisture. 

These experiments show the following conditions nec(‘ssary to the pro¬ 
duction of the basic!iophoroiis mycelium: a. A well-nourished mycelium. 
b. A moderately but constantly moist substratum, c. An unhindered venti¬ 
lation in the open air. 

Here the temperature is not considered. For Surinam, with about the 
same temperature tliroughoiit the year, this factor is of no impoi'tance. 
The fact, however, that, according to Bitancourt, the sour orange in Santos 
suffers from this disease, whereas in the cooler climate of nearby Sao Paulo 
no areolate spot at all is known, shows that the minimum temperature may 
be fairly high. The areolate leaf-spot fungus needs a wet, tropical climate. 



1940] 


Statiel: Areolate Ijeaf Spot of Citrus 


327 


INFECTION EXPERIMENTS 

In a citrus nursery, even if badly infected with areolate leaf spot, all the 
young: and tender leaves are free from spots. But when the leaf has just 
reached its normal size, the primary spots appear. On old leaves young 
growing spots never are found. It is clear, therefore, that only the young, 
tender leaves are subject to infection by basidiospores. 

For the infection experiments, I used mycelia, sclerotia, and basidiospores. 
With all infection was su(*<*essful. 

To inoculate sclerotia and mycelia, I made 2-3 cm. cuts in old dark-green 
leaves, using a razor to make the cuts. Immediately small quantities of 
S('Jerotia or mycelia, cleaned carefully from adhering agar, were brought 
into the cuts. Two days later the edges appean*d to be necrotic and later, 
every day, a new ring was added, producing the typical areolate leaf spots 
(Fig. 6). Inoculations with myclium grown on nutrient agar from basidio¬ 
spores had the same result. 



Fig. G. Infection of old loaves with sclorotiu brought into cuts freshly uiiido with a 
razor. 


To infect the young leaf with basidiospores I suspended the small flower¬ 
pots and s[)otted leaves covered with sporulating basidia above a developing 
new shoot of a young grapefruit ]>lant. The whole ‘was covered with a big 
flowerpot kept moist <*onstantly. With the spores of both origins infection 
was successful. The young grapefruit plants were growing close to my 
laboratory and were free from leaf spots for at least 10 mouths. Infection 
was also successful when the spores, shed from the epiiiliyllic mycelium in 
Petri dishes, ■were collected with a ivet pencil and brought on the leaves. 
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These iiioeiilations, however, were commonly less effective, than those with 
spores directly shed on the leaves. 

The experiments have shown, that only tlie youngest leaves of less than 
half the full-grown size take infection. Both sides of the leaf are susceptible. 
The incubation time is about 14 days. 

In water and nutrient agar the basidiospores germinate easily within 12 
hours. The germ tubes grow very slowly, forming—especially on nutrient 
agar—irregular swellings and windings, typical for the germ tubes of many 
parasitic fungi. 

On nutrient agar after 4-5 days the germ tub(' forms a small sclerotium 
(Fig. 4, G). From this sclerotium the hyphae grow out and spread ovei* 
the agar, producing the mycelium. 

About the same happens if the fungus enters Die leaf. The basidiospore 
germinates immediately, producing a minute apprcssorium that pierces the 
cuticule (Fig. 4, H). The resultant germ tube then grows as a flat liypha 
for a short distance between the cuticule and the epidermal cells and then 



Fig, 7. Primary »pot with the small initial 
Gummed ringwall, nerves, and crystal cells. 


sclerotium and the spreading hyphae. 
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enters the deeper leaf tissue by way of the intracellular space between epi¬ 
dermal cells. 

In the mesophyll just below the point of spore germination, a sclerotium 
is formed that kills the tissue when the leaf is just full-grown. Then all 
round the edges of the sclerotium the hyphae spread radially into the dead 
tissue, and, if the weather is wet enough, this primar}" spot grows out to an 
areolate leaf spot as described above (Pig. 7). 

The fungus doesn’t form a true hymenium. The basidia are scattered 
over the side branches of the fertile mycelium (Fig. 3) that covers the sub¬ 
stratum like a cobweb. 

Accepting the reclassification of the Thclephoraccae by Burt (1914) the 
fungus is a Corticium and not a Ilypochnm (with echinulate spores). I, 
therefore, projmse to name the fungus causing ai-eolate leaf-spot of Citrus 
Corticium areolatum, nov. si)ec. 

Uoseriptioii of the Fuii^rns 

Vt‘gi‘tative hyphae brown, 5-8 j.t, inaxinuil 10 p. thick, distance of septa 50-200 p, 
exceptionally 320 p, clamp connections lacking. Hyphae in the leaf spot tortuous and 
knotty, <‘piphyllic hyphae straight, light brown, with hyaline ramified side branches of 
swollen cells bearing basidia. True hymenium and pilous lacking. B«asidia short 
10-14 > 8-10 p, sttu'igmata 4, exceptionally 2, 10-13 p long, basis of the sterigmata 3-3^ p 
thick, spores smooth, hyaline, papillate 5 > 8-9 p, 

Sclerotia whitish or light brown, later dark brown; diametm* 1 mm., generally some- 
uhat flat,, consisting of a clump of swollen hyphae, eortex lacking. Observed only in ])urc 
cultures on the surface of tlu' glass container. 

Wet weather ))arasite on citrus leaves, especially on sour oranges, but also on grape¬ 
fruit, pomelo, king, mandarin. Fairly immune an* oranges, immune lemon, lime, succade, 
kunupiat. 

In Surinam in the eoastbelf, causing brown leaf spots, showing typical concentric 
rings, called * ‘ nngvlekkenziekte.' ^ Known as “niancha areolada ' ’ (maneha aiireolada) 
and ^^areolati' leaf spot,in Brazil from Bahia to Farana and also in Venezuela (If. 8. 
Faw'cett, (Utrus <li.seases, 1930). 

Hyphis vegtdis brunneis, 5-8 (-10) p crassis, in maculis tortuosis nodosisque, epi- 
phyllis rectis, ])allide brunneis; ramis lateralibus hyalinis, ramosis, o celhilis inflatis 
basidiif(*ris compositis; hymenio et pileo deficient!bus; basidiLs curtis, 10-14 x 8-10 p; 
sterigmatibus 4, rare 2, lti-13 p longis, ad basim 3-3.5 p crassis; sporis levibus, hyalinis, 
papillatis, 5x8—9 p; sclerotiis in culturis pallidis dein brunneis, 1 mm. diam., fere lenitei 
deplanatis. Maeulas in foliis ('^itri producens, Surinam. 

(X)KTUOL 

In uurseri(‘.s of sour orange stock this very troublesome disease may effee- 
tively and eeonomi<*al]y be suppressed by* eolleeting and burning all the 
s[)otted leaves. In Surinam this work is done by women and ehildren. 

If a nui^ery has to be sprayed for scab {Ehinoi' fawcetti), areolate leaf 
spot is eontrolled too. Bordeaux mixture kills and im]>edes tlie develop¬ 
ment of tlie sx>orulatiiig epipliyllie mycelium. 

During a long continuous rainy season grapefruit orchards suffer badly 
from this disease. A thorough spraying of the soil under the trees in the 
beginning of the rainy season may prevent or retard reinfection from the 
soil. If, in spite of this treatment, the new leaves are heavily spotted before 
the end of the rainy season, tlie spotted leaves have to be sprayed during dry 
days, especially on the lower side. 

Aoricultitral Experiment Station 
Paramautbo, Surinam 



130 


Phytopathology 


[VoL. 30 


LITEllATITRE CITED 

3. Bitancourt, a. a., aud Jenkins, A. E. Areolate spot of Citrus caused by Lcpio- 
sphaeria hondarL Phytopatlu 26: 884-886. 1935. 

2. Bondar, G. Insectos damninhos e molestias do laranjeira no Brasil. (Bahia) Im- 

prensa Official do Estado, 79 p. 1929, 

3. Fawcett, Howard 8. Citrus diseases and their control, 2nd Ed. (Now York and 

London.) McGraw-Hill Book Company, Inc. 656 p. 3936. 

PRELIMINARY SEROLOGICAL STUDIES OF PHYMATOTRICHUM 

OMNIVORUM^ 

3i . W . C U M L E Y AND G . W . GOLDSMITH 
(Accepted for publication Sept. 18, 1939) 

Although the cotton root-rot fungus has been the subject of nunierous 
reports appearing during the past 30 years, the life history, including the 
perfect stage, has not been established. Both Shear (4) and Duggar (1) 
placed the fungus in the Hyphomycetes. Later, Shear (5) reported hyphal 
connection between diseased cotton and osage orange, upon whicli sporo- 
pliores occurred, and assigned to the fungus the name Hyihmm omnivorum. 
Tliis result has not been confirmed. Taubenhaus and Ezekiel (6) re»ported 
negative results. Recently, Preshy and Thom (3) have made the sugg(‘s- 
tion that the fungus is to be regarded as a Gasteromycete, and the spore mats, 
previously considered conidial, are in reality the puffball sporopliores. It 
is obvious that the correct classification of the iungus and interj)retation 
of the structures would be of considerable theoretical and practical 
importance, 

A preliminary serological study was undertaken to determine the r(*la- 
tionship of Phymaiofrichnm omnivorum (Shear) Duggar to the various 
members of dilferent groups of fungi. Two methods of securing material 
were followed. In one the young growing sporojjhores were collected in the 
field and immediately washed and dried over sulphuric acid at 50^ G., and 
stored in sterile glass jars at C. The following were prepared in this 
way: Tyromyces palustns (Berk. & Curt.) Murrill, Psalliota silvatica 
(Schaeff.) Qiud, Clitocyhe illudeuft Schw’., Lycoperdon yvmmafum Batsch, 
Calvatia eyathifomits (Bose.) Morgen, f^evofium aruminatum (Mont.), 
Vsfilago maydis (DC.) Cda. 

In the second method jinre cultures of fungi \vere grown in li(|uid culture, 
removed when the growth was well developed over the surface, washed, and 
dried under the conditions just mentioned. By this method Hhizopus nigri¬ 
cans Ehrenberg, Aspergillus niger group Thom and Church, PeniciUium 
luteum group Thom, Hormodendron cladosporioidcs (Fres.) Sacc., Pit- 
sanum sp., elegans section Gilman and Abbott, Sclerotimn rolfsii Sacc., and 
PhynmfoiricJium omnivorum (Shear) Duggar were obtained. 

MATERIALS AND METHODS 

Culture Medium for PhymaiotricJium omnivorum. —The fungus mats 

1 CWtribution from The Clayton Foundation. 
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were grown on an artificial nonprotein medium composed of the following 
materials dissolved in the order given: 

Distilled water, 1000 ec.; dextrose, 40.00 g.; ammonium nitrate, 1.8 g.; 
di-potassium pliosphate, 1.85 g.; magnesium sulphate, 0.75 g.; potassium 
chloride, 0.15 g.; and iron chloride (0.5 per cent solution), 0.25 ce. 

Cultures were grown at room temperature in 2-liter Erlenmeyer flasks 
containing about 400 ec. of culture media. The fungus mats were collected 
at approximately 1 month after seeding. 

Collvciion of Fungus Mats .—The mats were recovered by decanting the 
culture medium and pouring the mat into a large bowl of tap water. After 
2 or 3 rinsings in tap water, the mat was rinsed twice in distilled water and 
dried rapidly in an incubator at 40-45'^ C. About 6 hours, and never more 
than 12, were required to get the material to constant weight. The mats 
wen* then placed in air-tight jars and stored at 5'' C. 

Pveixiraiion of Injection Materials.— Injection antigens were prepared in 
a manner similar to the technique of Link and Wilcox (2) working with 
speides of Fusarinnif t^clevotinia, aiid others. The techui(jue employed was as 
toJIows: Physiological saline (.85 per cent Na(d) was added to the dried and 
powdered lungus material in Ihe proportion of approximately 33 parts 
saline to 1 of fungus. The mixture was shaken thoroughly and placed in the 
ice-box at 5"' C. for about 18 hours. During the course of the extraction the 
material was shaken several times. After extraction, the mixture was centri¬ 
fuged and the clear amber-color supernatant liquid collected by decantation. 
To this extract was add(‘d merthiolate solution (1; 1000) in the j)roportion 
of 9 ])arts of extJ’act to 1 of merthiolate. The resulting fluid constituted the 
intravenous injection material and was preservf'd in the ice-box. This solu¬ 
tion contained 0.0135 gm. fungus powder per cc. 

Tin* material for intraperit<meal injt'ction was prepared from the residue 
remaiiiing when the aforcm(*ntiotied extract was collected, after centrifuga¬ 
tion. Tills residue was dried and weighed. It was then ground extremely 
fine in a mortar and resuspi*nded in saline in the same proportions as in the 
preceding extraction, addition of merthiolate and preservation at 5® C. being 
the same as already descj*ibed. l^nlike the prior extraction, this mixture 
never assumed an ambe]* color, but remained a dull gray caused by llie 
suspended particles. This susjiension contained 0.03 g. of preextracted 
fungus powder per cc. 

Inoculation of Fabbiis .—Three rabbits were inoculated 6 times, intra¬ 
venously, with the above described solution and, iiitraperitoneally, with the 
sus])ension. The injections were given at about 4-day intervals. Table 1 
is a presentation of the immunization schedule. 

Seven days after the last injection the animals were starved for 24 hours 
and then bled from the heart. The amount of blood taken from the rabbits 
varied from 15 to 45 cc. The blood was allowed to remain in the ice-box 
overnight, after which the serum was pipetted into sterile containers and 
kept at 5" C., preserved with merthiolate solution. These sera were the anti- 



T ABLE 1. Immum^aUon schedule followed in inoculating 3 rabbits 6 times intravenously and mfrapentoneally with injection antigens 
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Phymafotrichum sera that were employed in the subse(iuent tests with 
numerous fungus antigens. 

Preparation of Test Antiyens .—The antisera were tested with antigens 
prepared from 14 different genera of fungi, either collected in the field or 
grown on suitable synthetic media. Before extraction, the material was 
thoroughly dried, powdered, and weighed. The extracts used in the tests 
differed from the injection extracts in that tlie test antigens were prepared 
from dry powders, previously extracted 'with ether. The purpose of this 
extraction was to remove lipoids that have been thought to interfere with 
the specificity of the precipitin reaction. 

Tfie material prepared from each species was extracted 4 times wdlh 
ether, after the technique of Link and Wilcox (2). This technique was as fol¬ 
lows: “Ether was added to tlie desired amount of powder, shaken occa¬ 
sionally and allowed to act for l-lo hours at 25° C. After centrifugation 
this ether was decanted and fresh added. Usually 3 or 4 changes sufficed 
to give a fat-free test when a drop of ether was evaporated on a watch crystal. 
The ether was then deeantt*d and the powder thoroughly dried preliminary 
to saline extraction.Table 2 is a presentation of the various species em¬ 
ployed here and an account of the percentage^ of ether-soluble material 
i’eiuoved dni'ing the 4 etli<*r extractions. 


T.XHUC *2. -Data rcf/antina < th()-mluhlv conaiitHtni'i of ftcrt ral spocief< of fungi 


1 

j 

Nmiu'of fimgiis 1 

Wt. of powder 

1 Itcfore etlior- 
extraction 

1 

! 

Wt. of ]>owdcr 
after ether- 
<‘.xtra<*tii)ii 

l^'i'c'cntage etli(*r* 
soluble ooiistitu- 
ont s removed 
by extrae- 
j tron 


Crams 

Grams 

Percent 

Aspergill us nlgir ' 


' H.88 

2.40 

Cairo ha cyathiformis 

n.do 

4.84 i 

i 3.20 

('litoci/hc UluOcns 

r).(»o 

4.05 1 

1 7.00 

Fnsarium ehgans 

().(>7 

0.3S 

43.30 

TTormOiii ndroii claflosporioidrs ; 

Ti.dU 

4.02 1 

7.50 

J.jfcop( rdon gem malum ; 

;1.00 

4.82 

, 3.50 

Prrneillium luUum 

il.Od 

4.27 

14.50 

Phgmatotriehnm omuivorum | 


4.00 i 

1 8.00 

PsalUota sdvatiea i 

r).do 

> 4.20 ! 

1 10.00 

liluzopuH nigricans ' 

2.00 

‘ 1.75 ; 

; 12.50 

Sclerohiim rolfsii j 

0.23 

0.21 

, 8.60 

Secolinm acuminatnm | 

5.00 

; 4.70 j 

i 0,00 

Tj/romyces palnstns , 

5.00 

4.02 i 

1.0.50 

X'stilago maydis ‘ 

5.00 

! 4.79 1 

4.10 


After the ether had been thoroughly removed from the fungus powder, 
0.85 per cent saline was added in the proportion of 1 g. of powder to 40 ec. 
of saline. The mixtures were shaken at frequent intervals and remained in 
the refrigerator at 5° (\ for 3 days. They were then centrifuged and the 
clear supernatant solution collected and filtered. The residue was quickly 
dried and weighed. Hence, the amount of material that had gone into 
solution during the course of extraction could be calculated. Table 3 pre¬ 
sents the data regarding this saline-extraction of the pre-ether-extraeted 
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powders. After having computed the quantity of powders in the various 
extracts, the dilutions of all were adjusted, by the approximate additions of 
saline, to the ratio of 1:250. Merthiolate solution (1; 1000) was then added 
to the solutions as a preservative. These extracts constituted the test anti¬ 
gens employed in the subsequent complement fixation and precipitin tests. 

The Precipitin Test ,—The ring precipitin test of Ascoli was applied to 
the antisera, in the attempt to differentiate the antigens prepared from the 
several fungus species. In this test the antiserum was carefully placed in 
the bottom of 2"x J" precipitin tubes, to a depth of about i". The anti¬ 
serum was held at the same dilution throughout the 12 tubes in the rack. 
The antigens were diluted serially, beginning with 1:250 (the stock solu¬ 
tion) and proceeding up to 1:128,000. The antigen of the proper dilution 
was layered on top of the antiserum, care having been taken not to allow 
the 2 reagents to mix at the interface. Approximately the same quantities 
of antigen solution and antiserum ivere used in each tube. Readings were 
taken at frequent intervals up to 3 hours. The 2-hour reading appeared to 
be the most consistent and is used in the results reported in table 4. The 
•'faintest perceptible ring is indicated in the results as a 4, whereas a 
heavy, thick, opaque ring is indicated as a ih 4H . Negative results are 
indicated as 

The Complement Fixation Test ,—^Before the complement fixation tests 
could be executed, the antigens were titrated for anticomplementary activity. 
This was accomplished by holding constant the amotnits of complement 
(guinea pig serum), hemolytic antigen (2 per cent sheep cells), and hemo¬ 
lytic amboceptor (anti-sheep cell serum from rabbit), and serially diluting 
the antigen to be tested. The results of this test are shown in table 5. Nega- 

TABLE 5 .—Titration for antiromplemeniary activity of antigma 


Species 

antigen 


Aspergillus viger 
Calvaiia ryathifor* 

mis . 

CUtocyhe illudens 
Fusarinni elegans 
Eormodendron cla- 
dospori aides 
Lyeoperdon gem- 
mat um 

PenwilUnm luteum 
Phy maiofrickum 

omnivorum . 

PsalUota silvatioa .. 
Phizopus nigricans 
8cUro Hum rolfsii 
Secotium aoumina- 

tum . 

Tyromyces pains- 

iris . .. . 

XJstilago maydis .. 
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tive - results indicate no interference with the action of complement, whereas 
indicates considerable and serious interference. 

Because of the fact that the antigen prepared from PsalUota silvatica was 
anticomplementary in a dilution of 1:8000, it was discarded and not tested 
with the subsequent complement fixation reactions. In order to avoid any 
possible anticomplementary action indicated by the Ustilago maydis and 
Lycoperdon gemmatum reactions, and at the same time to keep all of the 
antigens of the same strength, the solutions were all diluted to the ratio of 
1; 1500. With these antigens, the antisera were tested by the complement 
fixation technique. The antigen was held at constant dilution and the anti¬ 
serum was serially diluted from 1: 6 to 1:160. Preliminary tests with the 
homologous antigen indicated that the titre of complement fixation did not 
exceed that figure. In table 6, where the results of the several tests are 
compiled, -hh-+ indicates complete complement fixation, and - indicates no 
fixation of complement. 


RESULTS 

The Precipitin Test, —The precipitin test was employed with all 3 of the 
rabbit sera. The serum of rabbit No. 1 'was cloudy and was found unsuitable 
for the test. The serum of rabbit No. 3 gave a precipitate wdth saline. Sev¬ 
eral titrations were made to determine the saline dilution that would not 
form a ring with the antiserum, witliout success. Rabbit No. 2, however, 
yielded a serum that was neither cloudy nor affected by saline. Purtlier- 
more, this serum precipitated the homologous antigen in high dilutions. 
The results reported in table 4 are compiled from many precipitin tests exe¬ 
cuted on this antiserum. In this table, one may observe that antigens pre¬ 
pared from Lycoperdon gemmatum^ Secoihim aeuminatmu, and Calvatia 
cyafhiformis, in the several tests conducted on the rabbit No. 2 antiserum, 
always reacted more nearly as did the Phymafoirichum antigen than did 
any of the other antigens tested. Hence, one may conclude tentatively that 
Phymatotrichiim omnivorum is more closely related serologically to the puff¬ 
balls than to any of the other forms represented in these tests. 

The Complement Fixation Teat, —In tlie complement fixation tests the 
sera of rabbits No. 2 and No. 3 yielded complement fixing antibodies in .such 
low dilutions that they could not be used. The serum of rabbit No. 1 con¬ 
tained complement fixing antibodies in an antiserum dilution of 1:160, 
when tested against the homologous antigen. Consequently, this serum was 
employed in testing the relations of the various antigens to the antigen of 
the cotton-root-rot fungus. The results of these tests are shown in table 5. 
One may observe from this table that the puffball forms, viz., Lycoperdon 
gemmatnm, Secotimi acundnafum, and Calvatia cyathiformis again appear 
to be more nearly related to Phymaiotrichum omnivorum than do any of the 
other genera tested. 

By comparing the results in table 5 with those of table 6, one may readily 
observe that some pf the species do not assume the same ranks in the 2 tests. 
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This is relatively inconsequential and is to be expected when use is made of 
2 different sorts of tests. Indeed, 2 tests of the same sort will often present 
minor discrepancies. The most important and significant feature of these 
tests is that in both cases the 3 pufl^alls are ranked closer to the Phymato- 
trichum omnivorum than are the other genera. This evidence should serve 
to establish, at least presumptively, the serologic relation of the cotton-root- 
rot fungus. 

The University of Texas 

Cotton Root Rot Investigation and Research 
Department op Botany and Bacteriology 
Austin, Texas. 
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A WHITE ROOT ROT OF APPLE TREES CAUSED BY CORTICIUM 

GALACTINUM 

J . S . Cooley and Boss W . P a v i d s o n 
(A ccepted for publication August 31, 1939) 

INTRODUCTION 

Very frequently, in the investigations of apple root diseases, white fungi 
have been found associated with dead or dying roots. These fungi usually 
have jiroved to be saprophytes growing on dead or nearly dead roots. In 
1932, however, a wiiite fungus that appeared to be an active pathogen was 
observed growing on the roots of an apple tree at Heards, Virginia. Since 
that time studies on this fungus have establislied its active parasitism on 
apple-tree roots and its identity as Corticium galacfinvm (Pr.) Burt. 

Von SchrenlP in 1902 published a brief note on a root rot, apparently 
identical with this disease, caused by Thelvphora galactina Pr. (now a 
synonym of Corticium galdctinnm (Pr.) Burt). In 1909, Von Sehrenk and 
Spaulding* stated that tliis fungus occurs commonly as a root parasite of 
oaks in various parts of the Ozark Mountains and that it spreads from oaks 
to fruit trees when the latter are planted on recently cleared land. No 
reference in the literature to this disease has been found since the publication 
of these two short notes. 

1 Von 8cbrenk, H. A root rot of apple trees caused by Thclrphora galactina Pr. Bot. 
Gaz. 34:65. 1902. 

* Von Sehrenk, H. and P. Spaulding. Diseases of deciduous forest trees. XT. S. Dept. 
Agr., Bur. Plant Ind, Bull. 149. 1909. 




140 


Phytopathology 


[VoL, 30 


SYMPTOMS 

Usually the disease starts at the collar or on larger roots and advances 
rapidly outward on smaller roots. Often the killing is so rapid as to kill 
the larger roots near the collar and girdle the tree while the distal portion 
of the roots may be still alive. The killing is usually so rapid and complete 
that the presence of the disease in the roots is manifest only in the top by 
the sudden death of the whole tree. On the other hand, the action of some 
slower developing root-disease fungi, such as Xylaria, is manifested in the 
top by weak limbs on the side of the tree above the diseased roots. 

In the first stage of attack there is a growth of white hyphal strands on 
the surface of the root. As the fungus grows this surface layer becomes 
thicker and tliicker till a dense weft of mycelium covers the surface of the 
root (Fig. 2, A and C). The fungus meanwhile gradually penetrates tlie 
epidermis, then the cortex and the cambium, and finally the wood, causing a 
white wood rot. 

The cambium is not uniformly killed. This is shown by the zonate spots 
on the wood where the bark has been removed (Fig. 4, B). In some instances 
the margins of the spots arc surrounded by incipient callus formation about 
the areas of killed cambium. In other cases where the host tissue surround¬ 
ing the killed area is still more active, growth and enlargement take place, 
which result in a very peculiar and distinctive-looking root bearing pits and 
bumps over the surface (Pig. 4, A). Sometimes there is another manifesta¬ 
tion of the disease resulting in a general hypertrophy of the root at the 
junction of the diseased and healthy areas. 

DISTRIBUTION 

The disease was observed at Heards, in 1932, and since tliat time other 
trees in the same orchard have been killed. Affected trees have also been 
observed in the fruit regions near Middletown, Luray, and Leesburg, Va., 
Beltsville, Md., Greenville, Tenn., Bridgeville, Del., and Bedford, Ind. Von 
Schrenk^ noted that root rots of apple trees were abundant in Kentucky, 
Missouri, Illinois, Arkansas, Oklahoma, and West Virginia, and considered 
Thelephora galactina one of the chief causes. The disease has been observed 
in a relatively small number of orchards but distributed over a wide area. 
Its presence has been confined to orchards tliat were set on newly cleared 
laud or orchards in close proximity to a woods. 

At various times since 1932, field surveys of root rots of apple trees have 
been made in many of the fruit regions in the eastern part of this conntrj" 
to study the types of root disturbances and their relative prevalence in the 
different regions. Very little survey work has been done, however, in the 
Ozark region where the disease was first reported. This present work has 
not been intensive enough in any one region to determine as fully as desired 
the prevalence, severity, and relation of the disease to environment. Re¬ 
ports from orchardists and oral reports from other investigators indicate 

3 See footnote I. 
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that a tliorough survey would show it to be more common and important 
than is realized at present. 

PATHOGENICITY 

Observations of diseased orchards and the gaps resulting from the death 
of trees indicate that the disease is more serious after they are 14 to 18 years 
old than in the case of younger trees. In one case a 3-year-old tree standing 
ill the nursery w^as successfully inoculated in 1937. When inspected 1 year 
later no definite necrosis was found but the bark surface was abnormally 
rough and there was cortical thickening, as though cork tissue had effec¬ 
tively cut off and completely healed an extensive area nearly encircling the 
root where the fungus had initiated infection. On the other hand, no bear¬ 
ing tree has been observed to recover from infection. Other inoculation 
experiments and also field observations indicate tliat apple trees are more 
suscptible to this root disease after they begin heavy bearing than before. 
This young bearing stage in orchard trees has also been found to be an espe¬ 
cially susceptible period for winter injury and for such diseases as Phyto- 
phthora collar blight and Xylaria root rot. 

Repeated cases have been found showing the ability of this disease to kill 
trees very rapidly. In the summer of 1936, some trees that had made good 
t(Tminal grow th the previous year died wdiile they w^ere carrying a good load 
of fruit. In another case an apparently vigorous 15-year-old tree w^as well¬ 
laden Avith mature and marketable fruit the latter part of August, even 
though it was comf)letely girdled by the fungus. In both instances the ac¬ 
tion of the pathogen was so rapid that the apjiearance of the tops gave little 
indication of the diseased condition of the roots until the trees died. 

The pathogenicity of this fungus also was studied by isolation and inocu¬ 
lation work. Cultures used for inoculation were obtained from spores and 
from isolations made from diseased apple tree roots taken from the margin 
of hcallhy tissue. Work with this fungus has demonstrated what has also 
been observed with other root rot organisms—^Ihat the quantity and types of 
inoculum used influence infection. The best type of inoculum was obtained 
by growing a pure culture of tlie fungus a month or tw^o on short sections of 
heat-sterilized apple twigs. Where the tree was inoculated in situ root tissue 
w^as exposed by removing the soil, the inoculum placed against the uninjured 
root and the soil immediately replaced. The trees were not further dis¬ 
turbed until the end of the growing season, when they were inspected for 
infection. When trees were inoculated wiiile in storage the inoculum was 
held against the root with a rubber band. 

Young trees growing in the nursery w’ere successfully inoculated with 
naturally infected apple roots and also with a pure culture of the fungus. 
In September, 1936, naturally infected roots w^ere placed beside 10 3-year-old 
trees in a nursery row, and a year later 5 trees were infected, sliowing typical 
signs of the disease. In 1937 and 1938 4 inoculation experiments w^ere made 
on young trees growing in sitn^ using a pure culture of apple twig inoeulum. 
In one experiment a culture obtained from spores was used and in the other 



142 


Phytopathowwy 


[Yoh. 30 


3 the cultures were from diseased apple roots. All 4 cultures produced the 
disease, averaging 18 per cent infection in 49 inoculations. A like number 
of checks were uninfected. 

The pathogenicity of tlie fungus with respect to dug apple trees also was 
studied by inoculation experiments. In April, 1937, 40 1-year-old seedlings 
from the nursery storage were inoculated by binding without wounding a 
twig culture of the fungus with a rubber band to the main root. The trees 
were then immediately planted. An equal number from the same lot of 
trees were planted without inoculation, to serve as checks. By July 20 the 
roots of all the inoculated trees were dead, while the checks were unaffected 
and grew in a normal manner. Prom the infected roots was isolated a fungus 
that appeared to be identical with the fungus used for inoculation. 

In March 1938, apple seedlings were divided into 3 comparable lots of 
25 trees and each lot inoculated with 1 of 3 different .spore isolates. These 
seedlings were then stored in a cool cellar in peat, and, on June 1, examina¬ 
tion showed an average of 95 per cent infection on all 3 lots. Root cuttings 
inoculated and planted in February, 1938, showed 9 infections in 18 inocula¬ 
tions by October of the same year, while the noninoculated checks showed no 
infection. 

These experiments indicate that young trees, as they grow in the nursery', 
may be successfully inoculated with a pure culture of the pathogen but the 
percentage and degree of infection obtained on such trees have be'en very 
much less than on .stored nursery trees or trees disturbed by digging. 

THE FRUITING STAGE OP THE FUNGUS 

According to Burf* Cortimini galactinum (Pr.) Burt, fruits on a variety 
of substrata, including wood of both coniferous and broadleaf specie.s, is 
widely distributed in North America, and is pre.sent in the West Indies and 
Japan. It seems reasonable to expect the species so defined to be eompo.sed 
of several physiologic strains, but the writers have studied only the form on 
apple roots.® It is hoped that a consideration of the broader aspects of the 
species will eventually be undertaken to determine to what extent native 
trees and shrubs, also, when growing under natural conditions, are affected 
by it. 

In general, the fruiting on apple roots and stumps agrees fairly well with 
the description given by Burt, except that he does not mention the con¬ 
spicuous slightly protruding paraphyses (Pig. 1, A), which have been 
observed in all our specimens. Most sporophores collected do not contain 
a distinct basidial layer; therefore, these paraphyses constitute the most 
characteristic feature of the species. Since no illustrations of the fungus 
were given in Burt’s monograph of the genus, drawings are given showing 
some characters of the organism dealt with in this paper. 

* Burt, B. A. The Thclephoraceae of North America XV. Ann. Missouri Bot. Gard 
13 ! 173 - 3 . 54 . 

» A sporophore from an apple stump was sent to L. O. Overholts, who identified it as 
Corticium galactinum. 
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Fig. 1, Corticium ffalacfhium. A, Sketch of a section through the hymenium. B. 
Basidiospores, C. (terminating basidiospores. I>, Paraphysis-likc bodies from a culture. 
K. Crystals from pure cultures on malt agar. F. Ilyphae from pure cultures. 

The dense white to light-cream buff layer of mycelium, on which the 
hymenium develops when conditions are favorable, may persist over a period 
of several years on old apple stumps and roots. The basidia apparently de¬ 
velop during damp weather in summer or fall and soon collapse. Tliey are 
entirely absent under dry conditions. In fact, sections from fresh sporo- 
phores, which gave good spore prints, contained very few mature basidia. 
Sporophores usually are formed in soil cavities about rocks or on roots (Pig. 
2, D), but during favorable growing conditions the fungus may grow out 
over the surrounding soil and debris where it fruits in abundance. It may 
be that the habit of fruiting on soil and surrounding debris is responsible for 
its having been reported on such a variety of substrata. 

The dry fruiting layer is white to light buff; but in a damp and sporu- 
lating condition it has a slightly waxy appearance on the surface and, in 
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Fio. 2. A, Mycelium of Coriicimi galactimm on the surface of an apple root. This 
photograph also shows the sharp demarcHtion between sound and diseased tissue indicated 
by the arrow. B. Infected blackberry showing hymenium of C, galactinum around the 
Collar and mycelium on the roots. C. Infected apple root covered with thick weft of 
mycelium. B. Ilymcnial layer on an old apple root. 
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color, ranges from light buff to ochraeeous buff.® Von Schrenk^ states that 
the fruiting bodies are “bright red orange leathei*y sheets” but our observa¬ 
tion indicates the hymenium is not so highly colored. The thickness of the 
fruiting body presumably depends upon its age; specimens several -years 
old have been observed with fruiting bodies up to 500 p thick. 

The structure of the sporophore is not very distinctive, except for the 
paraphyses, which project up to 12 n above the surface of the hymenium 
and penetrate into the subhymenium to a depth of about 30 to 40 n. Basidia 
with immature spores attached may be found occasionally in sections of 
fruiting sporophores (Fig. 1, A), but usually even young basidia a>e diffi¬ 
cult to find. Spores are not abundant on dry specimens but are easily ob¬ 
tained from good fresh material. A spore print can be obtained by placing 
under a bell jar or other closed container such sporophores with the 
hymenium downward. Also, small sections 1 or 2 cm. square, cut from the 
hymenial layer and suspended over Petri dishes containing nutrient agar, 
will deposit spores in great abundance for a period of 12 to 18 hours if left 
in a moist condition. The mature basidiospores are ovoid, hyaline, smooth, 
and 3-4 by 2-3 g (Pig. 1, B) in size. 

HOST BEIjATIONS 

Tlie white root-rot organism will attack the roots of plants other than the 
apple, but the observations to date have included only plants growing in the 
vicinity of the focus of inoculum of diseased apple trees, or, in one case, an 
oak stump. The pathogen has been found growing abundantly on the roots 
of blackberry {Rubus allcgkcnlensis Porter), dewberry (BitJbus flagdlaris 
Wind.). Japanese wineberry {RHbii>i pliucnicolarii(s Maxim.), dogwood {Cor- 
nus fiorida L.), sumac {Rhus glabra L.), and white eampdon {Lychnis alba 
Mill.). More information is needed eonceming the susceptibility of various 
species. 

One instance has recently been found in wiiich ornamental plantings 
have been affected by tliis disease. In a yard near Hyattsville, Maryland, 
two disease spots were observed in which a young holly tree, a dog^vood, and 
two Kalmia bushes were removed because of this disease. Near the spots 
where those plants died was an oak stump on which Cortichm was growing 
and producing fruiting bodies typical of Corticnim galactinum. This and 
other observations indicate that when ornamental shruh plantings are made 
in newly cleared land, white root rot may become a problem. 

the fungus in culture 
Isolation and Spore Germination 

Spores deposited directly from segments of the hymenium, as described 
above, on Petri dishes containing Difeo corumeal agar or malt agar ger¬ 
minated in 10 to 16 hours (room temperature of about 26° C.) (Fig. 1, C.) 

« Hideway. E. Color Standards and Color Nomenclature, 43 pp. Wasliington, D. C. 
X912. 

Sec footnote 1. 
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Pio. 3. £<iglit-day-old eultui'es of Cortidam galaetiuum grown in constant tempera¬ 
ture chambers. A. Cultnre from diseased apple root. B. and C. Basidiospore cultures, 
a. 34“ 0, b. 31“ C., c. 25“ C., d. 20“ C., e. 16“ C. 
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and a large proportion of the spores were viable. Cultures were obtained 
also from recently formed lesions on living roots and were similar in general 
growth eharaeteristics, as well as in microscopic characters, to those from 
spores. 

Temperature Relations 

Four cultures obtained from spores and 2 from diseased roots were grown 
on 2.5 per cent malt-agar medium in the dark at various constant tempera¬ 
tures. The average diameters of mycelial mats for all cultures, including 
culture 7138-S after 1 day at ordinary room temperature followed by 7 
days in the constant temperature chambers, were as follows: At 10° C., 16 
mm.; at 15°, 22 mm.; at 20°, 41 mm.; at 25°, 61 mm.; at 31°, 45 mm.; at 
34°, trace; and at 40°, no growth (Pig. 3). Growth rate at the various tem¬ 
peratures was fairly uniform for all cultures except spore culture 71383-S, 
which had a mat diameter of only 26 mm., at 20°; 41 mm., at 25°; and 33 
mm., at 31°. The optimum temperature for growth of all cultures used 



Fio. 4. A. Distorted apple root illustrating partial recovery. The dopressioM ^own 
at a»e margin of the photograph indicate areas that were killed by Cottmum 
B. Dead apple root with bark removed to Show the characteristic rings formt^ around 
areas of initial killing. The entire root was killed before callus tissue was formed. 


was between 25° and 31° and maximum temperature was apparently slightly 
above 34°. 
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summary and conclusions 

The paper describes a white root rot of apple trees that escaped the notice 
of pathologists from its discovery in 1902 until 1932, The fungus isolated 
from diseased roots has been identified as Coriiciitm galactiniim by compar¬ 
ing it with cultures obtained from sporophores of C. galaetinum from other 
sources. The cultural characteristics of the fungus are described. 

While the disease has been found in relatively few orchards scattered 
over Delaware, Virginia, Maryland, Tennessee, and Indiana, more surveys 
will probably show its distribution to be much more widespread than is now 
known. 

Since the disease has as yet been observed only in orchards set on new 
land or adjacent to woods, it seems probable that new land furnishes condi¬ 
tions favorable for the supplying and the maintenance of the inoculum. 
This observation, together with the virulence of the disease in certain 
orchards, justified the conclusion that consideration should be given to this 
disease in choosing an orchard site. 

The organism is very destructive in its attack. The spread from tree to 
tree seems slow but after infection is established killing is very rapid. A 
slow advance of the disease has been noted in all the orchards under observa¬ 
tion. 

Young apple trees were successfully inoculated with the fungus described 
in the paper. Undisturbed nursery trees were much less susceptible to the 
disease than dug trees. Trees of bearing age showed greater susceptibility 
to the disease than younger ones. 

Several other species of plants when growing in proximity to diseased 
apple trees or oak stumps became infected. 

Division of Fruit and Vegetable Crops and Diseases 
and Division op Forest Pathology, 

Bureau of Plant Industry, 

U. S. Department of Agrioui.«ture. 

APPLE DIEBACK in CALIFORNIA' 

P. A. Ark and II. Kart. Thomas 
(Accepted for publication September 9, 1939) % 

introduction 

Dying back of apple brandies usually is accompanied by relatively few 
distinctive characteristics. The disorder here presented is commonly preva¬ 
lent in the Sebastopol area of Sonoma County, California, one of the two 
leading apple districts of the State, and has been seen in at least one other 
county (Eldorado). Trees may develop severe symptoms for the first time 
at any age from 1 or 2 up to 25 years or more (Fig. 1, A, D). Depending on 
the severity, the buds may die without starting growth, may push out a few 

1 Contribution ,,from the Bivwion of Plant Pathology, University of California, 
Berkeley, California. 
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small leaves and then die, or may slowly develop a sparse foliage of small, 
narrow leaves (Pig. 1, B). When the buds die early, the bark above the 
ground may break down in a few weeks, often with a strong odor, which 
has given rise locally to the term sour sap. In somewhat less severe cases, 
the bark becomes densely covered with protuberances, each underlaid by 
necrotic tissue in the interior of the bark. These may break down later, 
often with more or less concentric marking. This bark symptom falls in the 
general class variously called measles, target canker, etc. 



Fk>, 1, A. Gravenstciu apple tree ahowiug diobaek symptoms. B, Biebaek 
order on a Spitssenbcrg apple tree. Opened buds had very narrow leaves and short 
petioles, a Cross section at the base of a bud that faikd to develop m the spring and 
remained dormant all sximmer. Note the necrotic pockets in the of tho vascular 

elements. XI5. D. Young Borne Beauty tree sliowing se^relv affected buds. Ap¬ 
parently healthy Borne Beauty tree adjacent to that m I> photographed at the same 
time, May 6, 1930. 
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Much of the disorder is found in Gravenstein, which is by far the lead¬ 
ing variety of the Sebastopol area, but Spitonberg and Wagener seem to be 
distinctly more susceptible. Delicious is particularly susceptible to the 
measles type of trouble here as elsewhere. Pears are affected with symptoms 
similar to those of the apple. 

Specific fruit symptoms were seen in 1937, apparently for the first time 
in California; though the dieback phase of the disease has been under ob¬ 
servation for 30 years or more (19). These fruit symptoms (Pig. 2) are 
in the main typical of the cork and drouth spot, adequately described by 
Mix (17) and others (1, 2, 3, 4, 13, 14, 18), and appeared following heavy 
winter rains and high early summer temperatures. 

Eosette or little leaf, which also occurs in the Sebastopol area (6), is 
distinguishable with difficulty, if at all, by symi:)toms from the dieback dis¬ 
ease under consideration. Usually, however, on rosette trees the tips of 
many branches remain alive until late stages with distinctly thickened 
shoots and very short internodes near the tiyxs resulting in the compact tufts 



Fio, 2. A-H. Symptoms of drouth spot on fruits of Spitsenberg apples. E-O. 
Symptoms on fruits of Bed Borne apple. Note the fingerprint pattern in F and G. H-J. 
Internal cork on a Gravenstein apple. H. Internal light-brown areas, which usually occur 
between the large vascular elements. I and J. A diffused typci of cork. K. External 
appearance of fruit from a Jonathan apple tree affe<*ted with internal cork. Note pitting 
of the fruit. L. Cross section of the fruit shown in K. All x 
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of leaves, which gave rise to the name. The petioles here are often almost 
entirely suppressed, while on dieback trees they usually reach a length of at 
least half an inch or so. No specific fruit symptoms seem to have been 
found on rosette trees. 


SOIL OP affected orchards 

Orchards in wliich dieback occurs are planted in Goldridge fine sandy 
loam soil. The subsoil of the better orchards is typically a pervious clay, 
while in many, if not all, of the affected areas the subsurface strata contain 
considerable cementing material. This soil is distinctly acid, relatively low 
in fertility, especially K and P (12), and is dependent upon winter rainfall 
(15 to 40 inches) for its water supply. Glass-electrode determination of pH 
on soils from very severely affected orchards ranged from 4.95 to 5.45 (top 
soil). The application of chicken manure is commonly practiced among the 
apple growers in this district. 


experimental 
Bacteriological Approach 

Numerous attempts to isolate a pathogenic organism were made by dif¬ 
ferent individuals at the California station at different times, which yielded 
only negative results. 

The idea that some toxic material was being liberated by soil micro¬ 
organisms or was being formed by some unfavorable soil condition has been 
entertained for some time. It was observed that soil samples from affected 
orchards, when artificially waterlogged and subsecpiently incubated anaero¬ 
bically, always had a putrid odor, were dirty blue, and the soil filtrate 
proved toxic* to barley seedlings and to young, tender apple shoots. Apple 
seedlings, grown in artificially waterlogged soil that had been incubated 
anaerobically in the laboratory for a month, developed very poorly in com¬ 
parison with those grown in soil that was not waterlogged but was also 
incubated under anaerobic coiiditious for a mouth. However, the plants in 
the treated lot eventually recovered unless the soil was constantly water¬ 
logged, It is quite possible that microorganisms may cause the dieback 
condition by absorbing from the soil large amounts of elements that are 
indispensable for the normal development of higher plants. By Cholodny^s 
method (7), applied to the rhij^osphere of diseased apple trees, it appeared 
that long and short bacterial rods predominated over fungi and Acti- 
nomyceSf while, in the rhizosphere of healthy (unaffected) trees, fungi and 
Actmomyces are more abundant. Sterilization of soil from a dieback or¬ 
chard either by steam or with formaldehyde failed to produce symptoms of 
boron deficiency in annual plants, s^unptoms appearing after inoculation of 
sterilized soil with a small quantity of nonsterilized soil and subsequent 
incubation. More detailed treatment of this phase will appear in a later 
publication. 
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Belation of Boron to Diebaek 

In the spring of 1937, in orchards where diebaek of apple was severe, 
morning-glory plants were found with dead or dying growing points, burn¬ 
ing of tips of the leaves, and abscission of blossoms. Also, one sunflower 
plant appeared stunted in growth, with browning and malformation of the 
developing leaves. The plants were taken to the greenhouse for observation, 
and it soon became apparent that these plants were suffering from boron 
deficiency. By adding 1 mg. of boric acid to a gallon of the same orchard 
soil in which these plants were found, normal growth of the morning-glory 
and sunflower plants was resumed. 

One-gallon tin cans, painted on the inside with asphaltura, were filled 
with either top soil or subsoil taken at a depth of 2 feet. To one series 
of 10 cans in each case, 1 mg. of boracic acid was applied at the time of 
planting, while the second series had no treatment. All sugar beet, sun¬ 
flower, nasturtium, and lettuce plants grown in the nontreated soil de¬ 
veloped characteristic symptoms of boron deficiency, while in the treated 
lots all plants developed normally. The low availability of boron in soils 
of affected apple orchards, as indicated by these tests, suggested that appli¬ 
cation of boron-containing compounds tO' the diseased trees might ])rove 
beneficial. The use of boron as a corrective for similar <*onditions in apples 
has been made by a number of investigators (3, 5, 15, 16, 18). 

It is interesting to note that the total sugar analysis of the leaves from 
the diseased and healthy apple trees employing Hassid’s (9) method showed 
5.56 per cent in leaves and 2.6 per cent in twigs for diseased and 3.8 per 
cent and 3.04 per cent for liealthy trees. This seems to be in accordance 
with the statement of Haas and Klotz (8) that sugars accumulate in the 
leaves whenever boron is omitted. 

Attempts to produce symptoms of boron deficiency in deciduous fruit 
trees were made by growing apple, peach, and apricot plants in subsoil 
obtained from affected apple orchards and watering them with distilled 
water. Some of these i)lants were seedlings and others were commercial 
varieties grafted onto seedlings. Only apritiot developed symptoms of 
boron deficiency, as described by Hoagland, Chandler, and Hibbard (11), 
this being corrected by giving 0.1 g. boric acid to each jar containing 10 kg, 
of nonsterilized subsoil. 

Field application of boron to diseased trees was started in the winter 
of 1936 and the spring of 1937. Boric acid or borax was applied to the 
trees by boring a hole in a large branch or in a trunk and packing it with 
the material. These treatments produced no striking difference in the 
treated trees in comparison with nontreated trees. 

In the fall of 1937 and in January and February of 1938, 35 trees in 
one orchard (Gravenstein, Delicious, Jonathan, and Rome Beauty) having 
diebaek of branches, cork, and measles, and 20 trees in another orchard (pre- 
dominatel}^ Spitzenberg) showing typical symptoms of drought spot and 
diebaek, were treated by broadcasting borax on the soil around the trees 
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within a radius of 3 feet from the trunk. In one of the treated orchards, 
the trees appeared more thrifty the following year than the nontreated. 
One large Qravenstein tree with very severe dieback symptoms was greatly 
improved the year after receiving 10 pounds of borax, and still better in 
the second season. Mild dieback and severe and moderate cork symptoms 
of 8-year-old Jonathan trees were no longer visible after 2 pounds of borax 
had been applied as dressing, while corresponding checks were badly af¬ 
fected. The fruit on large Gravenstein apple trees still had cork when 
treated with i, 1, 2, 3, and 4 lb. of borax. Cork was considerably reduced 
in such trees treated with 5 lb. or more of borax. 

In the other orchard, where drought spot on fruit was abundant the 
season prior to treatment, no conclusion;could be reached, since fruit 
symptoms were lacking and the general app^ance was similar for all trees. 

Delicious trees, affected with measles in the first-mentioned orchard, 
seemingly were benefited by the boron treatment, since they made good 
growth and did not show the protuberances and cracking of bark on the 
new growth. 

On the basis of somewhat limited treatments, there seems to be a 
definite indication of beneficial effects by applying boron to trees affected 
with cork and measles and to some trees showing dieback symptoms only. 

RELATION OP POTASSIUM TO DIEBACK 

Chemical analyses of soils in affec^ted orchards in the Sebastopol area 
have sliown a vcrj" low potassium availability, according to the work of 
Hoagland and Martin (12). Hill and Davis (10), in Canada, found cork 
in orchards grown on soils with low available potassium. In 1937, Mc- 
Larty, Wilcox, and Woodbridge (16), in referring to orchards with dieback, 
stated that heavy applications of potash have in some cases materially 
lessened the disease symptoms.’^ At the suggestion of W. H. Chandler, 
a few severely affected trees were treated with hea\'y applications of potas¬ 
sium sulphate (approximately 25 and 75 lb. per tree) early in 1937. The 
treated trees improved considerably in one orchard and only slightly in 
another. It is possible that the boron in these rather large amounts of 
potassium sulphate inaA' have produced the observed effect. The experience 
thus far on the whole, however, suggests that in some, if not all, of these 
orchards, more than one element will be required to completely cure the 
affected trees. At least it seems to be true that if boron alone is to be 
completely effective it must be used in much larger amounts than is re¬ 
quired in other areas. More extensive experiments are under way including 
combination treatments with boron, potassium, and other materials, 

SUMMARY 

Dieback of apple trees, often accompanied by a type of ** measles and 
occasionally by cork and drouth spot of fruit, is prevalent in the Sebastopol 
area of California. 
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The soil is distinctly acid and low in arailable nutrients, notably 
potassium. 

Such annual plants as nasturtium, sugar beet, and sunflower, grown in 
soil from affected orchards, developed boron-deficiency symptoms curable 
by addition of small amounts of borax or boric acid to the soil. 

University of California, 

Berkeley, California. 
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METHODS OF VALUE IN BREEDING AUSTRIAN WINTER FIELD 
PEAS FOR DISEASE RESISTANCE IN THE SOUTH' 

J, L. W E I M E R 
(Accepted for publication 8ept. 25, 1939) 

INTRODUCTION 

Soon after the writer be^an the study of the diseases of Austrian Winter 
field peas (Pisnm arvense L.) at the Georgia Agricultural Experiment 
Station, three major diflieulties were encountered. In the first place, almost 
none of the varieties of peas (P, arvense and P. sativum), except the 
Austrian Winter, survived the usual winter temperatures. This made it 
impractical to test any large number of varieties of peas for disease 
resistance under field conditions during the winter. Plants from seed 
sown in the spring were killed very early by insects and diseases; hence, 
changing the planting time from autumn to spring was of no assistance. 
Even though some varieties survived the milder winters, the plants usually 
succumbed to diseases or insects, or both, before seed matured. Further¬ 
more, nature could not be depended on to produce an epiphytotic of the 
diseases being studied, so that the relative resistance of varieties, plants, or 
hybrids could be determined. This made it necessary to use some method 
of artificial inoculation. 

Solutions for certain of these difficulties liave been found and are 
described in this paper. No claim is made that these methods are new, but 
rather that they have been useful in solving the problems under considera¬ 
tion, and it is hoped will be of assistance to others having similar problems. 

KLKCTRIC HOTBED 

Since so few varieties of peas survived the winters at Experiiuent, 
Georgia, or even at Tifton, the following method for overcoming this diffi¬ 
culty was tested. 

Two hundred feet of electrically heated and eonti^olled hotbed in 50-ft. 
units, each 5J ft. wide, Mere constructed (Fig. 1, A). The walls of the 
beds were made of pine boards and were 1 ft. high ou one side and 2 ft. on 
the other. The high side was covered with heavy building paper primarily 
as protection over tlie crack between the boards and at the corners and 
around knot holes. Instead of sash, the top M^as covered with a heavy 
cotton sheeting. The covers were used only on nights when there was 
danger of frost and during the coldest days. Thus, for all practical 
purposes, the plant.s were exposed to field conditions, except during the 
coldest weather. 

Cooperative investigations between the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture, and the Georj^a 
Agricultural Experiment Station, Experiment, Georgia. Paper No. 65, Journal Series, 
Georgia Agricultural Experiment Station. 
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' Fig. 1. A. Four hotbeds each 50 feet long by 5i feet wide, used to grow peas for 
testiug for dialoase'resistance* First bed on the left has tlie cloth cover rolled back; 
the' other 3 have the covers in place. Several details of construction are shown here 
and also ia B, B, A cut-off switch A (inked letters), thermostat B, and thermostat 
bulb C are shown. The thermostat bulb was suspended over a pot. The thermograph 
bulb D was placed over a pot also so as to obtain the temperature to which the bases 
of the plants were actually ex^msed. C. A cloth-covered house in which a good seed 
crop has been obtained from a number of different varieties of peas. 
















1940] 


Weimeb: Breedino Disease-resistant Peas 


157 


The electric cable was placed on the surface of the soil and looped back 
and forth across the bed at distances convenient for spacing rows of |>ots; 
in which the plants grew. Thus the cable lay along two sides of evei^ pot 
(Fig. 2). At first, 360 ft. of cable were used for each 50 ft. of hotbed, 
but later 120 ft. more were added to 2 of the beds. This additional cable 
was not needed, since the lowest ofiScial temperature for the winter was 
only 19° F. One thermostat was used for each bed (Fig. 1, B). Two 
hundred and twenty-volt current was utilized. The thermostats were set 
so that the heat was turned on at about 35° F. The thermostat markings 
were not reliable, but by placing the bulbs in water at the desired tempera¬ 
ture, tlie settings could be made readily. Soil-thermograph bulbs placed on 
the tops of pots showed the temperature to which the bases o^ the plants 
were subjected. None of the plants were frozen, excepting a few leaves, 
which had grown up against the cloth top. Judging from the thermo¬ 
graph records (Fig. 3), it seems probable that the plants would have sur¬ 
vived a temperature several degrees lower, but the limit is not known. 



Fio. 2. A closiT view of a section of one bed than shown in figiue ^ A. Here the 
arrangement of tlie cable with respect to the pots is shown. The 3 longimdinal strands 
of cable were added after the season was partly over but were not needed. 











158 


Phytopathology 


[VoL. 30 


This would depend, of course, on the hardiness of the plants, as well as 
whether the low temperature was accompanied by a higrh wind, which would 
tend to dissipate the heat rapidly and to displace the covers. Additional 
protection could be provided readily by using a heavier cloth or by in¬ 
stalling more cable. Tlie beds held 354 6-ineh pots each. As liiany as 10 
seeds were planted in a pot, hence a considerable number of plants can be 
tested by this method. 




Fig. 3. A Beetion of the thermograph record covering the i)eriod of Feb. 21 to 23, 
1939. The curve A shows the variation in the temperature in the hotbed and'curve B 
that of the air outside. These curves show that on Wcdaesdny morning, Feb. 22, the 
air temperature was approximately 26® F., while that of the hotbed never went below 
34® F, and that the air temperature the next night reached a minimum of 22®^ F., while 
that in the bed hardly reached 35® P. The high (maxima) for the days are not signifi¬ 
cant. The temperature in the beds under the eloto went up rapidly as soon 4 i 8 the sun 
reached them. In some instances the sun also shone directly on the thermograph bulb 
for a short time after the cloth was removed. 


GROWING SEED 

Attempts to grow seed of any lot of plants that showed some disease 
resistance or other desirable character and to breed jieas were greatly 
handicapped by tjie fact that most varieties of peas failed to set and mature 
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seed under field conditions at Experiment Peas planted in the greenhouse 
and given additional light from 5 to 11 p.m. produced seed fairly well 
during the winter months. Greenhouse space, however, was insufficient to 
carry on the work on the scale desired; hence, a cloth-covered shelter was 
tried. It was known that similar shelters had been used successfully by 
other workers both for sweet and English peas. Austrian Winter peas, 
however, appear to be more exacting in their requirements for seed pro¬ 
duction than many of tlie field and garden varieties. A shelter 9 x 12 x 6 ft. 
was constructed of 2x4 in. lumber. This frame was covered with a good 
grade of cheesecloth, which kept, out all but the smallest insects. The door 
was of the ordinary type, such as is commonly used on insect cages (Pig. 1, 
C). Two 500~watt Maxda lamps with 18-iu. R. L. M. Dome reflectors were 
so attached to the ceiling as to provide approximately equal illumination for 
all of the plants. These lights were turned on at 5 p.m. and off at 11 p.m. 

Two crops of plants have been matured under cloth in this manner, one 
in the sf)ring and one in the autumn. The si>ring crop consisted of plants 
grown from seed sown in pots in the autumn and held in the hotbeds until 
March 30, when they were removed to the cloth shelter. All varieties used 
had matured seed by June (3 or earlier. The autumn crop was planted in 
pots on July 29, 1938, and most varieties had matured their seed by Novem¬ 
ber 15. Thus it is possible to grow two crops a year. In fact, the seed 
from tlie spring crop can be made to mature a seed crop early enough to be 
planted in the field or hotbed in the autumn. 

METHOD OP INOCULATION 

Early attempts to produce heavy infection of Austrian Winter peas witli 
Ascochyta pinodella ami MycosphaereUa pinodes under greenhouse condi¬ 
tions gave unsatisfactory results. A few small lesions were produced on 
the leaves and stems but these were not sufficiently numerous or large to a])- 
preciably damage the plants or enable one to judge their relative resistance. 

The method now in use makes it possible to produce a severe epiphytotic 
of the diseases under outdoor conditions. The plants to be tested were 
potted and lield in the hotbeds described above. Giant cultures of the 
fungi being tested were cultured on Austrian Winter field peas. The dry 
peas were soaked over night in water and boiled a few minutes the next 
morning. The water was tJien drained off and the peas were put in flasks 
or 2-quart fruit jars, plugged with cotton, and autoclaved at 18 pounds’ 
pressure for 1 hour* Inoculation of the flasks was accomplished by adding 
several cc. of a suspension of spores from oat-agar cultures iu sterile water 
and shaking the flasks vigorously every day or so to spread the inoculum. 
After about 10 days the pea medium was covered with spores. A heaping 
teaspoonfiil of these spore-coated peas was scattered over the surface of 
each pot beneath the young seedlings. The pots were then forcibly 
sprinkled with water so as to spatter the spores upon the young plants. 
After inoculation the cloth covers were kept over the hotbeds for 48 hours. 
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During this time the cloth was wet thoroughly several times to help maintain 
a high humidity in the bed. A second inoculation was made 11 days after 
the first. The seed was planted October 15, 1938, and the inoculations were 
made on November 11 and 22. By December 7 a few plants of the most 
susceptible varieties were nearly decayed off at or near the soil surface. At 
this time the amount of infection varied greatly; but by March 1, 1939, 
there was a severe epiphytotic in all the beds. The spores, splashed from 
the original inoculum as well as from the lesions fruiting on the stems and 
leaves during, watering and by the rains, produced an increasingly heavy 
infection as the season progressed. Eventually, many plants were killed, 
large areas of tiie stems of others were blackened, and the leaves of most 
of the varieties were more or less severely spotted. 

SUMMARY 

The use of an electrically heated and controlled hotbed to prevent the 
freezing of English peas under test for resistance to Ascochyta pinodeUa 
and Mycosphaerella pinodes during the winter and spring months at Ex¬ 
periment, Georgia, is discussed. 

Austrian Winter and many other field and garden peas do not set seed 
consistently or in satisfactory quantity in the field in many parts of the 
South. These crops will set seed out of doors under cheesecloth. At cer¬ 
tain times of the year it is necessary to give the plants additional light. 
This was done by the use of 500-watt lamps alight from 5 to 11 p.ni. each 
day. Two crops of seed a year can be grown by this method. 

An epiphytotic of the diseases under investigation was produced by 
inoculating hotbed-grown potted plants with cultures of the pathogens. 

Agricultural Experiment Station, 

Experiment, Georgia. 

A DRY ROT OF POTATO STEMS CAUSED BY FUSARIUM SOLANl' 

Robert W. Goss 
(Accepted for publication August 19, 1939) 

Potato plants showing symptoms unlike those of any of the common 
potato diseases were observed by the author in a test plot of Bliss Triumiih 
potatoes located at Scottsbluff, Nebraska, in 1935. The most noticeable 
symptoms were yellowing and wilting of the foliage, sometimes preceded by 
a resetting of the top and the formation of aerial tubers in the leaf axils. 
The underground stem always showed some rotting, varying fronf a slight 
basal rot to a complete dry rot characterized by a shredded appearance due 
to the remaining strands of woody tissues. In the less advanced stages the 
rot produced a softening of the pith, whereas the vascular cylinder ap- 

1 Published with the approval of the Director as Paper No. 236, Journal Series, 
Nebraska Agrieultural Experiment Station. 

The writer is indebted to Mitrofan Afanasiev, James H. Jensen, and W. E. Deacon 
for assistance in this investigation. 
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peared woody and light yellow. The roots of affected plants were severely 
rotted. Neither stolons nor tubers were directly affected. These plants were 
at first thought to be affected with Fusarium oxysporum Schlect., or even 
F. solani ((Mart.) App. and Wr.) var. eumartii (Carp.) Wr, (Syn. F. eu- 
martii) with atypical symptoms resulting from conditions favoring a rapid 
decay of the stem, such as sometimes occurs in irrigated fields. Later in the 
same season, however, similarly affected plants were observed in non-irri- 
gated fields under very dry conditions. Plants were received also from 
North Dakota showing similar symptoms. 

A large number of isolations were made from the underground parts of 
many of these plants. Cultures of Fusaria were obtained from all speci¬ 
mens and 34 isolates that appeared to belong to sections Elegans and Marti- 
ilia, were saved for further study. Only 1 isolation of Fusarium solani var. 
eumartii was obtained. 

In preliminary pathogenicity tests 20 to 25 plants were inoculated with 
each isolate by stem ])unctures below the ground at about the time the plants 
were emerging. A similar number of plants were grown on inoculated"* soil 
previously sterilized. Not all of these inoculations were made at the same 
time, even with a single organism; the tests extended over a 2-year period. 

Twenty-four isolates belonging in Section Elegans were tested in the 
above manner and, of these, 13 were pathogenic, prodmung a wilt with vas¬ 
cular dis(‘oloration but not resembling the symptoms of the plants from 
Avhich they were isolated. In culture all of these pathogenic isolates ap¬ 
peared morphologically similar to Fusarium oxysporum and the type of wilt 
was similar to that produced by known cultures of that species. 

Ten isolates belonging to Section Mariiella were similarly tested and 5 
of these were pathogenic. All 5 pathogenic, forms appeared morphologically 
similar to Fusarium solani (Mart.) App. and Wr. One of these cultures 
(No. 242) produced a disease resembling that observed in the field and 
further tests showed conclusively that this organism was capable of causing 
all of the symptoms of the disease and could be isolated in pure culture 
from the infected tissues of inoculated plants. During 4 successive years in 
the greenhouse, this organism has consistently produced a high percentage 
of infection, as shown in table 1. Infection resulted in a much more uni¬ 
form expression of symptoms than had been obtained in previous work with 
other species of potato Fusaria, In order to test relative virulence and to 
study resulting symptoms, one series of comparable inoculations was made 
with cultures of F. oxysporum, JP. solxtni var. eumartii, and F. avemiceum.^ 
The inoculations were made by stem punctures and by growing plants in 
inoculated soil previously sterilized and in similarlj'' inoculated, unsterilized 
soil. The results are presented in table 1. 

2 The inoculum for tho soil was prepared by growing the organism on sterile barley 
or in sterile soil to which a little bran and sugar were added. About 1 pint of inoculum 
was used for 26 lbs. of soil. 

» The cultures of Ftwarium oxysporum and F. solani var. eumartii were obtained from 
L. L. Cash of tho tJ. S. Department of Agriculture in February 1936. Those cultures 
had proved pathogenic in previous greenhouse experiments. F, avenaoeum was obtained 
from John G. HcTjoan, University of Wisconsin, in September 1937. 
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TABLE 1 .—Cmipataiive pathogenicity teste with 4 species of F near mm and a sum¬ 
mary of all inoculations with F, solan i No, B4S 


Cultures 

Number of 
plants 
inoculated 

Number 

healthy 

Number 

question¬ 

able 

Number 

infected 

F. avenaeenm . , . 

10 

Stem inoculations 

6 0 

4 

F, oxyspomm 

10 

2 

0 

8 

F, solani var. eumartii . .. 

10 

0 

0 

30 

F, solani No. 242 . . 

10 

1 

1 

8 

Summary of all F, solani 
No. 242 inoculations 

195 

38 

23 

134 

F. avenaceum . 

29 

Sterilized soil inoculated 

i 16 1 7 

6 

F, oxyspomm 

18 


4 

6 

F, solani var. eumartii . 

20 

0 

0 

20 

F, solani No, 242 . i 

27 

0 

0 

27 

Summary of all F, solani 
No. 242 inoculations ; 

101 

3 

13 

' 85 

i 

j 

F, avenaceum . 

24 

Non-sterili/.ed soil inoculated 

10 5 

1 

F, oxyspomm 

25 

9 

4 

1 11 

F, solani var. eumartii 

25 

0 

0 

; 25 

F, solani No. 242 

i 

25 

2 

3 

i 20 


There were great differences in the percentage of infection and in the 
type of disease produced by these different species. Inoculations with Fa- 
sarium solani var. euniartii not only resulted in 100 per cent infection but the 
plants grown in inoculated soil, regardless of whether or not the soil had 
been previously sterilized, were all dead 4 to 5 weeks after emergence, and 
the stem-inoculated plants sliowed definite symptoms in about the same 
length of time. The infected plants all showed a bronzing and yellowish 
mottling of the leaves followed by wilting. Small, brown necrotic areas 
were present in the pith from the base of the stem to the top leaflet. Vas¬ 
cular discoloration, often with an accompanying rot, was present in the 
underground stems. A number of the tubers showed typical stem-end rot 
or vascular discoloration in the stem-inoculated plants. None of the plants 
grown in inoculated soil produced tubers. 

Fusarium oxysportim and F. av'enaceum did not cause so high a per¬ 
centage of infection. Neither species produced a rapid wilt, all plants 
remained alive for 3 months with only a slight amount of yellowing. The 
data in table 1 regarding these 2 species are based entirely on vascular dis¬ 
coloration of the stem and in a very few instances of stolons and tubers. 

Fusarium solani No. 242 resulted in almost as high a percentage of infec¬ 
tion as F. solani var. eumartii but wilting did not occur. With abundant soil 
moisture some of the plants pr(»duced aerial tubers and the leaves sometimes 
became tinted with purple around the margins. Rosetting of the top oc¬ 
curred occasionally. These secondary symptoms would probably have been 
more severe witli higher soil moisture and lower temperatures than were 
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maintained in the greenhotise (20° to 25° C.). The underground stems were 
always rotted, varj'ing from a slight basal rot to a complete shattering or 
shredding of the stem (Fig. 1). The organism could be isolated easily from 






yia. 1. A--C. Stages in the develapinont 

in nonsteriiized soil inoculated with Fumnum ^ which the orUrinal isola- 

cato points from which the organism was isolated l\ Stenw 

tions were made. These are similar to the final « solant No. 242. G. 

Triumph tubers 12 and 28 days, rcspeetively, 

Tuber 28 days after inoculation with the s< 5 |na 8 h stiam o 
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the necrotic areas of the underground stem even in the most advanced por¬ 
tions of the discolored pith. Evidently toxic substances causing discolora¬ 
tion in advance of actual penetration do not occur as with F, solani 
var. eutnartii 

No special study was made of the mode of penetration, but the symptoms 
usually first appeared at the base of a root, as shown in figure 1 A, B. The 
absence of roots in the final stages of the disease (Fig. 1, D) indicates that 
this organism causes both a root and stem rot. It is possible that initial 
infection may occur on the roots. The emphasis placed on the stem-rot phase 
of the disease in this paper is due to the conspicuous and characteristic 
symptoms of affected steins which serve to distinguish this disease. The 
symptoms of the root-rot phase were indistinguishable from cortex rots of 
the roots due to a number of otlier causes. 

IDENTIFICATION OF THE FUNGUS 

A comparison of culture No. 242 with cultures of Fasarium solani showed 
it to be morphologically similar to this species.^ It has not been possible to 
compare it with all the varieties and forms of this spe(*ies other than var. 
eumartii, from which it is quite distinct. 

Fusarium solani is often considered as a common soil fungus capable of 
attacking weakened plant tissues or acting as a secondary invader. It also 
has been reported as causing root rots of a number of unrelated s])eeies of 
plants and the varieties and forms all typically cause root rots. As far as 
the author is aware, it has not previously been reported as parasitic on 
roots or stems of healthy potato plants. 

Inoculations were made in the greenhouse with a culture of Fusarium 
solani^ isolated from squash, but the organism was not pathogenic* on potato 
plants. Likewise, many other cultures, morphologically similar to F, solani 
and isolated from potato plants by the writer, have failed to produce the 
typical symptoms described in this paper; but some of them have been 
weakly pathogenic, causing limited cortex ne(*rosis or slight vascular dis¬ 
coloration near the point of inoculation. Some variation has likewise been 
found in the virulence of different single-cell isolates of culture No. 242, but 
all of them were pathogenic and produced the same type of infection. A 
more detailed study of this strain in comparison with other strains of F. 
solani might reveal morphological differences not detected in this investi¬ 
gation. 

TUBER ROT 

The ability of this organism to cause a tuber rot as a wound pai*lisite was 
tested in comparison with Fusarium solani var, cumariii. Inoculations were 
made by inverting a square centimeter of an agar culture on a tangential cut 
of a disinfected Bliss Triumph tuber and placing in a moist chamber at 
about 22® C. Three single-cell strains of the organism were tested, using 9 

4 Cultures of this organism were submitted separately to Otto Beinking, C. B. Sberba- 
koff, and Wm. C. Snyder, and were provisionally identified by them as Fvsarium solanL 

« This culture was kindly provided by Wm. C. Snyder of the University of California. 
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tubers for each strain. These tubers were cut open and examined at the end 
of 12 days (Fig. 1). The rotted tissue extended 10 to 15 mm. in depth and 
was light brown, soft, and contained cavities filled with hyphae. Some tubers 
showed a sharp line of demarcation between diseased and healthy tissue, while 
in others there was a softening of the tissue preceding the discoloration. In 
some, the browning extended further into the vascular tissue than into the 
pith. In contrast, F. solani var. eumartii produced a rot only about one-third 
as extensive and was darker brown and without cavities. 

In another test including the strain of Fusarium solani from squash, 
the tubers were examined 25 days after inoculation. The squash strain was 
only slightly pathogenic on potato tubers, as shown in figure 1. The rot was 
confined to the tissue directly below the inoculum, whereas Strain No. 242 
grew over the entire surface of the wound and penetrated all tissues below 
the wound. 

TEMPERATURE RELATIONS 

Preliminary tests in which the daily increase in diameter of giant Petri- 
dish cultures was measured indicated that the organism is favored by rela¬ 
tively high temperatures. The cultures were held in incubators maintained 
at lempei’atures varying from 5° to 35° at 5° C. intervals. Maximum 
growth occurred at 30° (84 mm. diam.) with good growth at 35° C. (34 
mm.). There was only slight growth at 10° (2.5 mm.), while no growth 
occurred at 5° C. during the 9 days the cultures were held at these tem¬ 
peratures. 

SUMMARY 

A disease of j:M)tato is de.scribed that is characterized by a dry, shredded 
rot of the underground stem and the destruction of the roots resulting either 
in wilt or with high soil moistures, a rosetting and purpling of the leaves and 
the formation of aerial tubers. 

The cause was found to be a strain of Fusarium morphologically similar 
to Fusarium solani. The disease was produced by inoculation of stems or by 
growing plants in inoculated soil either previously sterilized or unsterilized. 
The organism could be isolated from any of the di.seolored or rotted tissues. 

Infection tests with this organism in comparison with F%isarium oxy- 
sporvm, F. avenaceum, and F. solani var. eumartii showed it to be more viru¬ 
lent than the first two species but less so than F. solani var. eumartii. Other 
isolates from potato, morphologically similar to F. solani, and a strain from 
squash were not pathogenic on potato plants and only weakly so on tubers. 

The organism is capable of causing a rot of potato tubers as a wound 
parasite, but has not been observed to infect tubers through the stolons. 

It was found to be favored in pure culture by high temperatures (opti¬ 
mum 30° C.). 

Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska. 



^ FLOWER BLIGHT OP CAMELLIAS 

H. N. IlANSEK AND H. EAEL THOMAS 
(Accepted for publication August 18, 1989) 

The flower blight of Camellias (Camellia japonica L.), eansed bs' a spe¬ 
cies of Sclcroiinaf was first found in Pebruary^ 1938, near Hayward, Cali¬ 
fornia, in a nursery where Camellias are grown under lath and in the open 
for cut flowers and for garden plants. Apothecia were found in abundance 
under the plants grown in the lath house, whereas neither apothecia nor 
sclerotia were found under those grown in the open where field cultivation 
was practiced and no mulches used. Apparently, the flowers grown in the 
open became infected by wind-bome spores produced in the adjacent lath 
house. 

Only the floral parts are affected, and all of the more than 50 varieties of 
Camellias grown in this nursery appeared to be equally susceptible. The 
disease is highly specific to this one host, as shown by the fact that no infec¬ 
tions were found on flowers of Rhododendrons, Azaleas, Magnolias, Gar¬ 
denias, Paeonies and many other flowering shrubs, though they were grown 
under the same lath, intermingled with Camellias. Wc have examined sev¬ 
eral places in the State where Camellias are grown and made inquiries at 
others, but obtained no evidence that the disease had been observed in any 
of them. The only suggestion of a po.ssible soui’ce of this new disease may 
be seen in the fact that Camellias are native to the Orient and are still being 
freely imported from there. 

The occurrence of the disease coincides with the flowering period of 
Camellias, roughly from February to May, which is also the season of rather 
frequent rains, During that period the losses vary from a relatively small 
percentage in drj' weather to 100 per cent of all open flowers for several days 
following rains. Tinder such humid conditions it is unsafe to cut and ship 
even the flowers that appear to be unaffected, as they beconie badly spotted 
in transit and storage, 

SYMPTOMS 

Infection of the individual flower may take place soon after the tips of 
petals are visible in the opening bud or at any time thereafter. Few to many 
small, irregular, brownish specks appear on the petals of expanding flowers 
(Pig. 1, A, B). Under favorable conditions of temperature am^ moisture 
these specks rapidly enlarge and unite to form large spots (Pig. 1, B) which 
soon involve the entire petal and eventually the whole flower, which* becomes 
uniformly dull brown and drops from the plant. Even one or two infections 
may suffice to render the flower unsalable. When infection begins near the 
base of the petals the entire center of the flower may be killed, while the tips 
of the petals retain their normal form and color. There is no rapid disin¬ 
tegration of invaded tissues, hence infected flowers retain their shape and' 
firmness for many days after they have turned completely brown and fallen 
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Fig. 1. A. Camellia flower 24 hours after being inociilatod with ascospores of Sclera^ 
tinia mmelliae (control on left). B. Individual petals from naturally infected flowers 
showing early and late stages of the disease. 

to the ground. While the flowers are resting ou the wet earth, mieroconidia 
are often produced on the petals in shiny, black streaks or masses, giving the 
flowers the appearance of being affected with a wet rot. After the flower is 
completely blighted the causal fungus continues to develop within the basal 
parts of the petals, but soon grows beyond the petal limits (Pig. 2, D) to 
form hard, dark-brown to black sclerotia that frequently unite at the base 
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to form a laminated compound structure simulating the imbricate petal 
arrangement in the flower (Fig. 2, A). 

UFE mSTOBY OF THE FimOUS 

The Bclerotia lie dormant on the ground or covered with soil or mulching 
materials under the bushes during the summer and early part of the winter. 
As the period of Camellia bloom in e^rly spring approaches, some of the 
sclerotia become active, while others remain dormant for another year or 
possibly longer. After a period of wet weather with rising temperature, 
they then begin growth and produce from one to several apothecia each. 
Apothecial formation is apparently greatly stimulated by spring applica¬ 
tions to the soil of top-dressing materials, such as barnyard manure, peat, 
etc. In cases where the sclerotia are near the surface, the apothecia may be 
nearly sessile or, where deeply buried, the stipes may be up to 40 mm. in 
length (Fig. 2, B). The saucer-like discs of the apothecia vary from 5 to 
20 mm. in diameter. The ascospores are discharged forcibly into the air and 
are carried by wind currents to the flowers, where they germinate, invade 
the petal tissues, and eventually produce sclerotia and microconidia, thus 
completing the life cycle. Flowers at the top of a 15-ft. bush appear to 
become infected as readily as those produced near the ground. The micro¬ 
conidia have not been observed to germinate and no secondary conidia are 
formed. 


BEHAVIOE ON ARTIFICIAL MEDIA 

On potato dextrose agar the fungus first forms a very close, felty, cream 
colored mat which begins to turn darker in about 10 days and becomes jet- 
black and shiny in about 25 days, the change in color being due to the pres¬ 
ence of microconidia, which are produced in abundance over the entire mat. 
Occasionally small, flat, black sclerotia are formed that rarely attain a size 
of more than 2x5 mm. On sterilized whole wheat, well-rounded sclerotia up 
to 7 mm. in diameter have been produced. The fungus produces microspores 
sooner and more abundantly at room temperature, about 24° C., but mycelial 
growth and sclerotium production is much more rapid at 15 to 18° C. 

INOCIUiATION 

ih 

Six detached healthy Camellia flowers were sprayed with water and sus¬ 
pended for 1 hour over mature, spore-discharging apothecia. Six others 
were sprayed with a water suspension of ascospores. After inoculation the 
flowers, together with uoninoculated controls, were placed in moist cham¬ 
bers. All the inoculated flowers showed typical spotting after 24 hours 
(Fig, 1, A) and became completely browned in 48 hours, with sclerotial 
formation well started. The controls remained unspotted. 

A careful search of the literature failed to reveal any Discomycete asso¬ 
ciated with Camellias or with other members of the family Theaceae. In 
view of this, and on the basis of certain distinct morphological features, to- 
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Fio. 3. A. Typical petaloid sclerotia. B. Short-stipe and long-itipe «* 

Part of cross section of apothociiun. x380. D. Part of cross section of selerotinm. 
xl85. 
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gether with the host specificity of the pathogen, we conclude that it is new 
to science and propose for it the name Sclerotinia camelliae, sp. nov, 

TKCHNICAL DESCRIPTION OT THE PATHOGEN 

Sclerotinia camelliae, sp. nov. Apothecia singly or in groups, buff-olive becoming 
darker with age, scantily pubescent; disc cyathiform becoming discoid, 5-20 mm. in 
diameter; stipe 3 to 40 mm. long, 2-3 mm. in diameter below disc tapering to 0.5-1.0 mm. 
at base, Asci cylindrical 4.3-5.8 x 100-125 n. Ascos|>ore8 8, unlseriate, ellipsoid, con¬ 
tinuous, hyaline 2,6-3.5 x 5.3-7.0 p,. Paraphyses filiform, septate 1.2-2.5 x 110-130 p, 
tips lightly swollen. Selerotia dark-brown to black, usually compound, impregnating 
and surrounding the petal tissues; very variable in outline, up to 12x30 mm. in size; 
usually laminated to simulate the imbricate petal arrangement of flowers. Conidi a 
none. Microconidia globose to pyriform 2.5-3.5 p, catenate, hyaline under high magnifi¬ 
cation, jet-black in mass, produced in a sporodochium made up of numerous clusters of 
conidiophores that end in tapering elongate terminal cells on which the long chains 
of microconidia are produced. 

CONTROL 

Our observation during the past 2 seasons that no apothecia were found 
under plants grown without mulching in the open would suggest that there 
is little danger of the disease becoming established in parks or private gar¬ 
dens. In view of the facts that ascospores alone are able to cause infection 
and that sclerotia are formed in the flowers only, it would seem a relatively 
simple matter to control the disease and eradicate the pathogen by gathering 
and destrbying all fallen flowers. This has been undertaken by the nursery 
involved. This would have to be done for at least 2 cousecative seasons, since 
it is known that the sclerotia may remain alive in the soil for at least 2 years 
and probably longer. 


SUMMARY 

A new disease affecting the flowers of Camellia japonica L. is describcnl. 
Early symptoms on the petals appear shortly after late winter and spring 
rains as small brown specks, which soon enlarge, coalesce, and cause the whole 
flower to turn brown and fall Sclerotia, formed within the flower, rest on 
or in the ground for one or more years after which they produce apothecia. 
The ascospores are wind-borne, and there are no viable conidia. The path¬ 
ogen, described as new, is named Sclerotinia eaniclliae, sp. nov. Destruction 
of all fallen flowers for several consecutive seasons is suggested for (tontrol. 

Division of Plant Pathology, 

University of California, 

Berkeley, California. 



SOME EFFECTS OF STRAINS OF CUCUMBER VIRUS I IN LILY 

AND TULIP 

Philip Bbikelet and 8. P. Doolittle 
(Accepted for publication August 8,1939) 

On December 20,1938, healthy seedlings of the Easter lily {LUium longi- 
florum Thunb.) were inoculated with 5 strains of Cucumber Viras 1, includ¬ 
ing one isolated from Easter lily, each taken from Turkish tobacco, and a 
lily virus of the tulip group taken from Easter lily seedlings. After 34 
days all plants inoculated with the cucumber-virus strains remained essen¬ 
tially S3rmptomless, but those inoculated with the tulip virus expressed 
characteristic strong mottling from about 14 days onward (Pig. 1, A). On 
subinoculation from each set of 5 lily plants to Turkish tobacco, all 5 cu¬ 
cumber strains were recovered (Fig. 1, B) but the tulip virus was not. In 
other trials the common lily strain of cucumber mosaic has been passed 
through both seedling Easter lilies and through L. forniosanum Stapf. many 
times, and through L. spMiosum Thunb. once, without inducing well-defined 
symptoms. Prom about May 15 onward, when the greenhouse temperatures 
rise above control in this latitude, a mild yellow mottling has appeared in 
young leaves of L. formosaniim inoculated with lily strains of cucumber 
mosaic some days or nioutii.s previously. No well-defined effects in inocu¬ 
lated Easter lily seedlings or in L. i^pcciosvm accompanied this seasonal I’ise 
in temperature. 

Flecking, roughly comparable to the necrotic-fleck type seen in commer¬ 
cial Easter lilies, has been produced by inoculating a lily strain of cucumber 
mosaic into commercial Easter lilies, shown by previous subinoculation to 
carry McWhorter’s (3) “latent virus of lily’’ (Pig. 1, C). The most plau¬ 
sible explanation of the discrepancy between our results and Price’s (5) re¬ 
port of fleck symptoms induced by cucumber-virus strains alone is that some 
of Price’s “selected cage-grown stock” carried the latent virus reported by 
McWhorter, i.e., a virus of the tulip group, typically latent in Lilium longi- 
florum. Furthermore, Wellman’s (6) gray mottle and flecking in Easter 
lilies inoculated w’ith the celery strain indicates that the inoculated Florida 
stocks already carried a virus of the tulip group. 

Cross inoculations of viruses from tulip to cucumber and tobacco, and of 
the cucumber-vims strains from cucumber to tulip were negative in 
our trials until this year (2). However, on March 30 and Maj' 2, 1939, we 
twice successfully subinoculated to tobacco the celery strain and a lily strain 
of Cucumber Virus 1 from Clara Butt tulips inoculated with these viruses 
on April 16, 1938. Parallel subinoculations to tobacco from Clara Butt 
tulips inoculated with viruses of the tulip group from tulip and lily were 
negative. Type material of McWhorter’s (4) tulip viruses 1 and 2 readily 
produced symptoms in lAlium formosoMtun, but no infection in Turkish 
tobacco. 
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Fia. 1. A. Eepresentative leaves from eaeh of fiw^ven sots of Easter lily stredlings in- 
oculated with (left to right) Doolittle ^s strain, a second isolate similar to the first, Pricxj's 
strain, celery strain, and a lily strain of Cucumber Virus 1, the strong mottle virus (tulip 
type) from Easter lily, and uninoeulated control. B. Bepresentative leaves from sub¬ 
inoculations to Turkish tobacco from the corresponding Easter lily inoculations shown 
above. C. Bepresentative leaves from three sets of an Easter lily cion carrying Mc¬ 
Whorter’s latent virus of lily (tulip virus). Left to right: uninoculated control, symptom¬ 
less j fleck symptoms following inoculation 'with a lily strain of Cucumber Virus 1; fleck 
symptoms following inoculation from typical flecked Easter lily. 
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Clara Butt tulips, from which the celery and lily strains of cucumber 
virus were reisolated, showed longitudinal gray streaks in the leaves at about 
the time the blooms began to shovr color. The flowers were broken. (Fig. 2, 
B) with a dull break, the margins of the stripes being less sharply defined 
than in tulip mosaic (Pig. 2, C). The outer perianth parts usually show^ed 



Fm. 2. Tw(» of flower ))rejik» in Clara Butt tulips. Beft to right: A. Healthv. 
B. Broken from inoculation April 16, 11)38, with the common lily strain of Cucumber 
Virus 1. C. Natural infection with tulip mosaic. 


a characteristic blemish (Fig. 2, B) and w’ere shorter than normal. The 
blemisli was gray at the base, sometimes greenish at the knmmit. Subinocu- 
latiou from plants showing this atypical break to Turkish tobacco 'were uni¬ 
formly successful in recovering the celery or the introduced lily strain, w^liile 
parallel subinoculations to Ldinm formosamim gave no evidence of the pres¬ 
ence of tulip virus. The symptoms illustrated are, therefore, those of cu¬ 
cumber virus (lily strain) in tulip. The type has not been observed by the 
ivriters in previous experience with tulips. 

The susceptibility of tulips to other strains of Cucumber Virus 1 was 
expected after Ainsworth (1) reported isolation of a strain of this group 
from tulip. Our results show' that a cucumber virus (celery strain or lily 
strain) may be introduced into tulips and induce breaks in the blooms, but 
that cucumber strains are not associated with the usual breaking of tulips. 
In Easter lilies, strains of cucumber mosaic are recoverable from plants 
thus far sampled showing any of the distinctly injurious symptom types, but 
the cucumber strains alone are, w'ith one known exception, not markedly 
damaging to Easter lilies. It is increasingly evident that lilies are common 
hosts for members of the tulip and the cucumber 1 groups of viruses, but 
there is no evidence from our wnrk, or from any yet published by others, to 

indicate that these gxnups are closely allied. . r 

We have not found cucumber virus strains occurring naturally in tulips 
nor yet alone in commercial Easter lilies. In our teBts, when sucli strains are 
experimentally introduced into seedling Easter lilies, they have not indue 
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symptoms with 4:he exception of one virulent strain, associated with yellow 
top symptoms rather than fleck symptoms. McWhorter’s (3) ‘‘latent virus 
of lily” is very commonly present in symptomless Easter lilies, excepting 
suitably protected seedlings. It is reasonable to assume that the tulip type 
latent is so prevalent in commercial Easter lily stocks that infection with a 
cucumber strain commonly produces a complex with recognizable symptoms. 

It is of interest that cucumber mosaie strains, experimentally introduced 
into tulips, produced no recognized effects in the current season, but induced 
flower breaks in the following year, as do tlie tulip viruses. On the other 
hand, the tulip viruses from lily and tulip, iticluding those received from 
McWhorter as type material, induce symptoms in Lilium formosanum in 2 
weeks. The long incubation period of the classical tulip breaking is, there¬ 
fore, evidently a peculiarity of the tulip rather than of the viruses involved. 
U. S. Horticultural Station, 

Beltsville, Md. 
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DEVELOPMENT OF SCAB ON STORED APPLES, 1938-1939 

C. O. Beatley 
(A ccepted for publication September 21, 1939) 

In February, 1939, the writer observed several lots of apples from Penn¬ 
sylvania, New Jersey, Massachusetts, and the Hudson Valley of New York on 
the New York City market bearing many small, black, scab lesions typical of 
those that develop in storage. The lesions on Stayman Winesap, Baldwin, 
and Stark varieties were mostly from i to i inch in diameter and were jet 
black. Lesions on Rome Beauty apples were smaller, being generally less 
than ^ inch in diameter, and were dark brown. A few of the lesions; par¬ 
ticularly those on riper fruits, were larger, caused no roughening of the 
cuticle of the apple, and resembled “ink spots.” The cuticle on most of the 
lesions, however, was roughened and bore low fungus growth. Typical 
lesions, as they appeared on apples of these 4 varieties, are shown in figure 1. 
The Stayman Winesap apple in the photograph bore a total of 553 lesions. 

Some of the scabbed lots were traced to their points of origin in tlie 
eastern part of Pennsylvania, where the writer examined additional lots of 
apples in storage and interviewed growers and cold-storage warehouse 
managers concerning treatment of the fruit* Many of the lots of Stayman 
Winesap and Rome Beauty showed from 80 to 90 per cent of the fruits in- 



1940] 


BBATiiEY: Scab on Stored Apples 


175 



Fig. 1. Scab on apples held in cold storage for 4 months. Apples on left from Penn- 
sylvania, Stayman Winesap above, Rome Beauty below j apples on right from Hudson 
Valley of New York, Baldwin above, Btark below. 


fected. Apples from 1 orchard stored in 3 different cold-storage warehouses 
were equally affected, indicating that any slight differences in storage condi¬ 
tions that the fruit may have been subjected to had little effect on scab 
development. McIntosh and Delicious apples, picked from tlie same orchard 
and stored in the same cold storage as that of the heavily infected fruits of 
Eome Beauty and Stayman Winesap varieties, were found to have remained 
scab-free* By reference to the records kept by the grower, it was learned 
that the first named varieties were picked and stored during the first 3 weeks 
of September, whereas the Rome Beauty and Stayman Winesap varieties 
were picked during the first 3 weeks of October. 

The growers' records showed that the orchards from which the scabbed 
Pennsylvania apples came received the final spray application during the 
first week of July. Foliage scab was apparently so well controlled that a 
later spray was not considered necessary. It was stated that at picking 
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time foliage scab was slight and very few fruits bore visible scab lesions. No 
new lesions were seen on the stored fruit by those who inspected it until 
January, when very small spots were seen on an occasional fruit. 

Information concerning the prevalence of scab on stored fruit grown in 
other sections of the Northeast was obtained through correspondence with 
growers and inspectors of the Agricultural Marketing Service of the U. S. 
Department of Agriculture. The McIntosh variety in the Hudson Valley, 
which was picked mostly during the first 3 weeks of September, remained 
nearly scab-free, whereas the Baldwin, Stark, and Rome Beauty varieties, 
picked in October, became in many cases severely spotted during storage. 
Reports from New Jersey and New England indicate that only those varie¬ 
ties picked in October became heavily infected. Orchardists in Connecticut 
stated that the windfalls picked up and stored immediately after the hurri¬ 
cane of September, though not held so long as the fruit picked afterward, 
showed little scab development, whereas fruit picked later showed heavy 
infectio]!. Growers in Massachusetts reported that heavy storage infection 
occurred on Baldwin and other varieties of apples picked in October. 
Contrary to the general situation throughout the Northeast, little scab 
development on stored apples was reported from western New York. 

Inoculation experiments reported earlier by the writer' sliowed that 
apple fruits could be successfully inoculated at any stage (»f their develop¬ 
ment on the tree provided they were subjected to increasingly longer i)eriods 
of wetness as they enlarged. Apples nearing maturity and mature fruits 
picked from the tree were successfully inoculated wiien kept moist at orchard 
temperature for 7 days. If the apples w^ere picked and stored immediately 
after the 7-day period, the resulting infection did not appear until the 
normal storage life of the fruit was passed; but, if they were allowed to 
remain on the tree for a week or longer, the latent period of infection was 
shortened to from 2 to 4 months. 

In an attempt to correlate this outbreak of scab with weather conditions 
in late summer, weather reports were obtained from TI. S. Weather Bureau 
Stations in representative cities in the Northeast. Throughout this section 
rains occurred on several successive days in early August but, at most sta¬ 
tions, high percentages of sunshine were recorded on the days of the rains. 
Foliage and fruit apparently did not remain wet long enough during this 
period to allow serious infections, for resulting lesions should have appeared 
on the fruit by late September or early October. 

Only light rains on occasional days were reported at any of the stations 
during the early part of September. But starting September 12 andJasting 
through the hurricane, 9 days later, light to heavy rains occurred generally 
throughout the East. At New York City some rain fell daily during that 
period, and at other nearby stations only 1 or 2 days were entirely rain-free. 
Table 1 shows daily measure of precipitation at the 7 stations from which 
records were obtained. With the exception of those for Rochester, N. Y., 

1 Bratley, C. O. Incideiice and development of apple scab on fruit during late sum¬ 
mer and while in istolrage. IT. 8. Dept. Agr. Tech. Bufl. 563. 45 p, 1937. 
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the records show moderate rainfall from September 12 to 15, then one day, 
the 16th, with little or no rain followed by very heavy rains daily from the 
17th to and including the 21st, During the latter period of 5 days little or 
no sunshine was reported and relative humidity averaged 90 per cent or 
above most of the time. These 5 days, preceded as they were by an almost 
equal period of intermittent rains, undoubtedly afforded optimum condi¬ 
tions for inoculation of apple fruits. This is borne out by the fact noted 
above that only those apples picked after September 21 showed extensive 
development of scab in storage. 

As may be seen by reference to table 1, Rochester, N. Y., did not receive 
the heavy, almost continuous rains from September 17 to 21. There was 
some rain daily at this station during the period from September 12 to 17, 
but with the exception of the 12th, 14th, and 15th, the daily percentages of 
sunshine reported were quite high and the percentages of relative humidity 
fairly low. It is, therefore, interesting to note that no more than the usual 
amount of scab development in storage was reported on fruit from western 
New York of which Rochester is the center. 

Division op Fbxjit and Vegetable Crops and Diseases, 

Bureau of Plant Industry, 

U. S. Department op Agriculture. 

THE SNOW MOLDS OF GRAINS AND GRASSES CAUSED BY 
TYPHULA ITOANA AND TYPHULA IDAHOENSIS 

Ruth E. Eemsbekg 
(Accepted for publication Sept 20, la.'lO) 

introduction 

A great deal of confusion exists in phytopathological literature concern¬ 
ing the identity of the organisms causing the snow molds of grains and 
grasses. The sclerotial fungi that have been found associated with these dis¬ 
eases have been referred at various times to Selerotium rhizodes Auerswald^ 
(2), 8cl, fulvum Fries (11), Typhula gramvtmm Karst. (9, 10) and T, 
itoana Imai (4). This confusion has come about partly because of the 
macroscopic resemblance of the sclerotia of tJie above-named fungi as de¬ 
scribed by early mycologists, and partly because of the inability to coHect or 
otherwise obtain fertile sporophores, which are essential for taxonomic clas¬ 
sification. A recent study made by the writer (8) has cleared up this situa¬ 
tion, and the species of Typhula associated with these diseases have been 
identified. 

review op literature 

The snow molds have been of considerable economic importance in the 
United States, as well as in Europe and Japan. They are associated with 
cold weather and snow, and are most frequently found where the snow is 
deep or drifted and, consequently, delayed in melting in the spring. When 

1 According to HI H. ’Whetzel, Sclerotmm rhizodes AuerB. is a Mhizoetonia, Unpub- 
lisbad data. 
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the snow melts, the plants are fonud covered with a moldy, white fnngons 
growth, and the tissue is filled with small reddish brown or dark brown 
sclerotia. These diseases have caused considerable damage in Idaho (7) and 
Montana (11), and Typhula itoana is becoming of increasing importance on 
turf and lawn grasses in the eastern United States. For several years T. 
itoana has been the cause for much concern in Japan (5, 9) and frequently 
has been reported from northern Europe (6,10) and the Scandinavian coun¬ 
tries (1), usually under the name T. graminum Karst. 


TAXONOMIC POSITION OP THE FUNGI 


Since it is passible to fruit these fungi abundantly and at will in either 
diffuse natural daylight or under ultra-violet irradiation (8), it is an easy 
matter to identify them. The fungus most commonly found is Typhula 
itoana (3), which produces tawny to hazel-brown sclerotia from which de¬ 
velop rose-colored sporophores, 8-25 mm. tall. An examination and com¬ 
parison of cultun^ obtained in the United States with those from Japan* 
and Europe'^ show that the same organism, T, itoana, is the cause of a snow 
mold in these three countries. Ekstrand (1) has called attention also to the 
fact that the most common species causing this same disease in Sweden is 
T. itoana, 

A second species of Typhula has been found associated with snow mold 
in Idaho and Montana. This one produces small chestnut brown sclerotia 
from which develop fawn to wood-brown sporophores, 5-10 nim. tall. This 
species has been described as Typhula idahoensis (8), and causes a disease 
of the same type as that caused by T. itoana, 

Ekstrand (1) mentions in addition to Typhula itoana, a small brownish 
black sclerotium, which is frc<iuently isolated from diseased cereals and 
grasses in northern Sweden. He has given the name T, horealis to the sclero- 
tial stage of the fungus, but does not describe the sporophores. From his 
short description of the sclerotia it seems possible that he is dealing with a 
species similar to, if not identical with, T. idahoensis. 

It is necessarj^ to study the sclerotial morphology of species of Typhula 
before a proper identification can be made. Sclerotia of different species 
often resemble each other very closely macroscopically, but have an entirely 
difftu’ent arrangement of rind and medulla, and differ also in the characters 
of the sporophores tliey produce. The morphological construction of selero- 
tia of T, itoana is identical with that of Sclvroiimn fulvum Pries^; that is, 
the rind is a homogeneous gelatinous layer and the medulla paraplectenchy- 
matous (8). It is safe to assume that these two organisms are the same. 
On the other hand, a critical examination of the type specimen of T, gror 
minum Karst.® slmws the sclerotia to be of a different morphological type. 


Obtained through the courtesy of H. Tasugi, Tokyo, Japan. 

» Obtained through the courtesy of A. Volk, Kbnigsberg, (^rmany. . . 

^ Boumegudre, Fungi gallici exsiccati, 1400, Sclerotiufn fvilvuin Fr., in the Herbarium, 
Dept, of lUant Patliology, Cornell University, Ithaca, Y. 

^ lioaned for examination through the courtesy of Dr. Harald Lindberg, Helsingfors, 
Finland, 
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The medulla is prosoplectenchymatous with a layer of enlarg:ed thin-walled 
cells adjacent to the homogeneous gelatinous rind. The macroscopic similar¬ 
ity of sclerotia of 8d. fulvtim, T, graminum and T, itoam has doubtless led 
many investigators to assign all the organisms causing the snow molds to T. 
gramimim, T. graminum, however, produces white sporophores, while T. 
itoana produces rose-colored ones. There is a possibility that T. gramin um 
also causes a snow mold, but its isolation and pathogenicity have never been 
conclusively demonstrated by any investigator. It is interesting to note 
that the sporophores of T, graminum Karst, do not arise from the sclerotia 
of 8d, fvlvum Fries, as Karsten originally assumed. 

SUMMARY 

Two species of Typhnla are definitely associated with snow molds of 
cereals and grasses. The one most commonly found in the United States, 
Europe and Japan is T. itoana Imai, freciuently described under the name 
of T. graminum Karsten or Hderotium fulvum Pries. The second species, 
often collected in western United States, is T. idahocnsis Ilemsberg, and is 
probably the organism described by Ekstrand as T. borealis in Sweden. 
There is a possibility that a third species, 1\ graminum Karsten, may be 
associated with the snow molds, but it has not yet been demonstrated. 

Department op Plant Pathology 
Cornell University 
Ithaca, New York 
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PHYTOPATHOLOGICAL NOTES 


Potato Seed-piece Rot Caused hy Fusarimn oxysporum. —In 1934, a 
potato seed-piece rot was observed at Hastings, Florida, in many fields -within 
2 to 3 weeks after potatoes were planted. The disease caused stand reduc¬ 
tions varying from 10 to 70 per cent in 400 acres, planted in December, 1933 
(Fig. 1, A). It has reappeared every year since 1934, but has caiised little 
trouble, except in 1930, when it destroyed 10 per cent or more of the seed in 
most of the potato fields in the Hastings section. 

Gratz’ reported a Fusarium seed-piece rot at Hastings, Fla., in 1924 and 
1925, but he did not identify the species of Fusarium concerned. In 1919, 
MacMillan- reported that infection of potatoes by Fusarium oxysporum 
Schlect from the soil through the seed piece occurred in irrigated land in 
l>ota1o-gi-owing sections of Colorado. MacMillan described the malady in 
detail and suggested that its severity in some soils was due to growing suc¬ 
cessive crops of potatoes on the land and to the presence of soil temperatures 
especially favorable for the disease. 

The Fusarium causing seed-piece rot can be seen on the cut surface and 
occasionally on the cortex of decaying seed pieces 2 to 3 weeks after planting 
(hig. 1, C and D). The rot .starts at the cut surface, and the tissues invaded 
become brown (Pig. 1, B) but remain firm until secondary decay organisms 
enter, after wdiich the pieces become soft and mushy. If decay is rapid, the 
seed pieces either fail to germinate or produce weak sprouts that may rot 
off before tht»y can emerge from the soil. If the affected seed pieces decay 
slowly, the}" may produce plants bearing marketable tubers or plants that 
product' only a few small tubers or none when the fungus destroys the seed, 
invades the stems and roots, and finally causes the plant to wilt and die pre¬ 
maturely. Tubers of plants with affected seed pieces do not rot in the field. 

Hard potato-dextrose agar of pH 5.6 was cohu*ed vinaceous purple by 
the fungus isolated from decaying seed pieces. The macroeonidia were 
typically 3-sept4ite, 4.5 |j x 40.3 p, borne on branched conidiophores. Macro- 
conidia formed in sporodochia and clilamydospores developed in aged cul¬ 
tures. The characteristics of the organism (Fig. 2) agree witli those given 
by Hherbakoff'^ for Fusarium oxysporum. 

In fields wiiere tlie disease w"as severe in 1934, it w^as noted that seed 
became infected and rotted in one row where no fertilizer had been used, in 
rows fertilized 2 weeks prior to planting, and iii row"S where the seed and 


fertilizer had been placed in the soil at one operation. 

Numerous inoculation experiments proved that Fusarium oxysporum 
isolated from decaying seed pieces was pathogenic. In one series of experi¬ 
ments, pure cultures of the fungus growing on small squares of potato-dex- 


Mjvatz, O. Irish potato disease investigations, 1924-25. Fla. Agr, Exp. 8tat. 

Bull. 176. 1925. , . . T A T> 

y MacMillan, H, G. Fiisarhim blight of potatoes under irrigation. Jour. Agr. Kes, 

[IJ. 8.1 16: 279-303. 1919. ^ ^ ^ c 

» Hherbakoff, 0. 1). Fusaria of potatoes. Cornell Agr. Exp. Stat. Mem. 6. 1915. 
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3B^G. 1. FiMarium seed-piece rot of potato. A. Bection of a field in which 65 per 
cent of the seed pieces were destroyed by V, nxyxpoTum prior to germination, it—1). 
NatnraUj_ infected seed pieces: Seed piece, which did not germinate, sectioned* to show 
discoloration caused by F. oxysporum (K) •, F. oxyxporvfn growing on cut surfaces (C) 
and on cortex (1)). E. Section of spiwated healthy seed piece. 

trose agar were placed on the cut surfaces of seed pieces which had been 
cut one day previously and those that had been cut only a few minutes before 
being inoculated. The inoculated pieces were planted in sterilized soil, 
together with noninoculated pieces from the same seed tubers. When re- 
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Fig. 2. Camera lueida draAvinjjs of Fuaarittm oj:}t:iporuvi showing (a) types of 
niacroconidia, (b) gormizuiting macroconidia, (c) coiiidiophore and (d) chlamydospores 
in myceliutn and macroeonidia. 


moved from the soil 28 days later, all inoculated pieces were partly or totally 
decayed and either had not germinated or had produced only weak sprouts, 
while the pieces not inoculated were sound and had produced strong sprouts. 

In another series of experiments, 25 inoculated and 25 noninoeulated 
seed pieces from the same seed tubers w^ere planted in a field in rows in which 
one ton of fertilizer per acre had been distributed 2 weeks before planting. 
When examined 28 days later, all inoculated pieces were partly or totally 
decayed and 14 of the noninoeulated pieces were also rotting. Fiisamim 
oxysportim was isolated from'^tbe inoculated and noninoeulated pieces that 
were rotting.—^A. H. Eddins, Hastings Laboratory, Florida Agricultural 
Experiment Station, Hastings, Florida. 

Lightning Injury of Black Locust Seedlings, —An occurrence of lightning 
injury of first-year black locust (Robinia pseudoacacia L.) seedlings, which 
had just emerged, was observed during July, 1936, in a forest nursery near 
New Brunswick, New Jersey. According to information from the nursery 
personnel, the lightning entered the field of seedlings from a power-line 
tower. The damaged spot was approximately 50 by 100 feet, and it 
extended from one side of the tower (Fig. 1, A). Most of the plants in the 
central part of the spot ivere killed immediately. Those in the outer part 
were severely injured but not killed, as shown by the various degrees of the 
dwarfing that appeared later. 

An examination of a large number of injured plants showed that the 
deeper roots had been killed (Pig. 1, B). Since the roots were very short 
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Pig. 1. Liglitning injury of black locust seedlings. A. A general view of the dam¬ 
aged spot that extended from one side of the powcrdine tower. B. External view of an 
injured seedling showing the killed roots and the root grow^th that was stimulated aftf»r 
the injury. 

and still succulent when the injurj^ occurred, the killed tissues simply col¬ 
lapsed and did not show any marked internal symptoms. Jones and (lilbert^ 
reported a case of lightning injury of tobacco where the roots were killed and 
had a charred appearance. There were no external symptoms of injury on 
the stems or leaves of the locust seedlings. Isolations from the injured roots 
did not yield any of the known parasitic fungi. Root growth had been stimu¬ 
lated above the point of injury on many of the survivors (Fig. 1, B) that 
were examined about 2 wrecks later. Walker^ reported that adventitious 
roots were stimulated above the point of injury on the stems of cabbage that 
liad been injured by lightning. Most of the scvei’ely injured plants stayed 
dwarfed and more or less chlorotic, and either died ultimately or w^ere con¬ 
sidered unusable for planting purposes. This case of liglitniug injury is of 
particular interest because it may explain some of the sudden occurrences 
of seedling losses in fairly large spots in forest nurseries.—L. W. R. Jackson, 
Division of Forest Pathology, Bureau of Plant Industry in cooperatioii with 
the Allegheny Forest Experiment Station and the University of Pennsyl¬ 
vania, Philadelphia, Pa, 

An Attempt to Propagate Tobacco-mosaic Virus 1 in the Chorio-allantoic 
Membrathc of the Developing Chick Embryo, —The chorio-allantoic iuci|ibrane 
of the developing chick embryo has been found unusually favorable for the 
propagation of many different viruses affecting animal hosts. Even some 
viruses not infective for chicken or bird have been shown to multiply w^ithoiit 
difficulty on or in the embryo. Since attempts to propagate viruses'^of plant 
origin on tliis living animal medium have not yet been reported, it is the 
purpose of this paper to describe an experiment in which toba(H*o mosaic virus 
1 has been used to inoiuilate the cliorio-allautois. 

Leaves from Turkish tobacco plants showing typical tobacco-mosaic symp- 

1 Jones, h. B. and W. W. Gilbert, Lightning injury to herbaceous plants. Phyto¬ 
path. 8: 270-2S2. 1918. 

2 Walker, J, C. Injury to cabbage by lightning. Pliytopath. 27; 858-861, 1937. 
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toms were frozen, passed throiigrh a meat grinder, and the juice expressed by 
wringing the macerated tissue in a piece of cheesecloth. The extracted juice 
was centrifuged and purified by Stanley’s ammonium sulphate-eelite method 
and then passed through a Berkefeld filter. Fresh fertile chicken eggs 
were incubated for 9 days at 40^ C. and prepared for inoculation, using 
Burnet V modification of Woodruif and Goodpasturemethod as recom¬ 
mended by Professor Jacob Traum and Miss Miriam Smith of the Division 
of Veterinary Science, 

Five eggs wei'e inocuilated by gently swabbing a sterile cotton pellet soaked 
with the purified viras suspension, over the chorio-aUaiitois. Five other 
eggs were inoculated in a similar way, but by first toucliing the wet pellet to 
a small quantity’ of carborundum powder before inoculating the membrane. 
By using the carborundum powder it was hoped that some of the virus would 
be introdii(*ed directly into the cells of the membrane through the abraded 
surface. After incubating the inoculated eggs for 3 days at 37° C., the 
exposed portion of ehorio-allauloic membrane was removed from the living 
embryos. A small })ieee of it about 0.3 cm. square from each egg was used 
to ino(ailate a succeeding set of incubated eggs. The remaining piece of each 
membrane was ground in a ])oreelaiii mortar and 2 ee. of distilled water were 
added to make sufficient volume to inoculate 5 half leaves of Nicoiiana gin- 
tmosa. The other half of each leaf was inoculated with the filtered purified 
virus. Four successive subi)lants were nuide on incubated eggs. In no case 
were local lesions formed on leaf halves inoculated with the egg membrane 
material, while opposite halves inoculated with filtered purified virus showed 
an average of 250 spots per half leaf on N, glufinosn. 

Under the conditions of these experiments, not only did tobacco-mosaic 
virus fail to multiply in the chorio-allantoic membrane but active virus could 
not be detected by the local-lesion method in the membrane on which the 
original virus inoculation had been made.—^W iiJjIAm N. Takahashi, Division 
of Plant Patholog>% University of California, Berkeley, California. 

Carborundum for Ploni-virus Inoculations ,—Following the development 
of the carborundum method,^* ^ numerous inquiries relating to the grade and 
quality of powdered carborundum liave been re(‘eived. It has seemed desir¬ 
able, therefore, to present more complete information regarding the car¬ 
borundum that has given satisfactory results during the past 5 years. 

Powdered carborundum, 600 mesh, is obtainable in any quantity from 
Braun-Kneeht-Heimann Company, San Francisco, California. When order¬ 
ing, it is advisable to refer to their stock number 38713. Carborundum in- 

' Burnet, F, M. A vinw dineaHe of the canary of the fowl-])ox group. Jour. Path. 
37: 107-122. 1033. ^ . 

* Woodruff, Alice Miles and Erm^st W. Goodpasture. The snsceptibibty of Ihe chorio¬ 
allantoic metnbrune of chick embryo to infection with the fowl-pox virus, Amer, Jour. 
Path, 7: 209—222 1931, ' 

1 Kawlitts" T, E. and C. M, Tompkins. The use of carborundum as an abrasive in 

plant-virus inoculations. (Abstract) Phytopath. 24: 1147. ^34. 

2 Kawlins, T. E, and C. M. Tompkins. Studies on the effect of carborundum as an 
abrasive in plant-virus inoculations. Phytopath. 26; 578-587. 1986. 
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variabJy contains moisture upon arrival from the distributor; m this condi¬ 
tion the powder is dark gray, and the particles adhere to each other in small 
to large aggregates. In this condition it cannot be used to advantage in a 
salt shaker. It is suggested, therefore, that, when received, the lid of the 
container be removed and the carborundum placed in a drj^ heat sterilizer at 
80° to 90° C. for several hours, or until thoroughly dry. Drying restores 
the powdery coixdition and the light gray color of this particular grade of 
carborundum. If stored in tight-stoppered receptacles, no further drying 
is necessary.— T. E. Rawlins and C. M. Tompkins, Division of Plant Pathol- 
og}’’, University of California, Berkeley, California. 

BOOK REVIEW 

Couch, J. N. The Genus SepiobasuUutn. 473 pages, iucludiug 114 platcM, 60 text figs. 
The University of North Carolina Press (Chapel Hill). 1938. 

The pathologist eueouiiteriiig this thorough and sigiiificniit monograph probably will 
begin with the Pathological Considerations and (V)ntrol Methods of Chapter 2. Here his 
interest will be aroused at onee by the statement that all species of Sepfobasidium cause 
damage to the trees on which they grow, the damage, with the extent of growth, varying 
from considerable to slight, numerous small trees of Fraxinint aiwl A'l/xm, for example, 
being killed outright by HeptohaHidium psetidopedicellafum and *S'. cnrtmi, while large 
trees, heavily infested, are very unhealthy w’ith many dead limbs. Continuing, he will 
note with interest that the conunonest type of injury involves chiefly cracking of the 
bark, in some cases with girdling of the branches or smaller trunks, and secondarily the 
formation of witches brooms, such injury occurring not only iu the United States, par¬ 
ticularly in the South, on such trees as ash, maple, holly, magnolia, pear, apple, etc., but 
in the American aud Oriental tropics on citrus, acacia, tea and others. Reading further 
he will note with regrtt the failure of spraying as a control measure and with approval 
the success of the direct application of kerosene emulsion paste and of pruning infected 
branches during the dormant season. Then, as the pathologist reaches the end of the 
chapter, he will find, to his disappointment, that iu Dr. Couch's opinion there is no 
immediate cause for alarm over Septobasidium, for although widespread and although 
abundant in certain localities, the trees to which it is injurious are not important timber, 
while on cultivated fruit and mit trees it Is serious aiifl abundant only when favorefl by 
neglect and poor conditions, not in well kept orchards. Nor will the reader be comforted 
by the author's final admonition that the Septobasid in macule insect com)>ination must be 
regarded as distinctly harmful. 

At this point it is possible that the young pathologist, conditioned by liis previous 
training to believe that iiif(u*mation of value to him must follow the sti^reotyped patho¬ 
logical pattern with wiiich he is familiar, and inured to a complattent mental myopia, 
may be inclined to read no farther leaving the remainder of this significant study to the 
impractical mycologist or the omnivorous entomologist. 

Ijet me assure the young pathologist that in the remaining 476^ p.ages of this unusu¬ 
ally able work he will find that Scpiobasidiim offers much of interest and value, even 
though it iriay not occasion any remunerative fellowships or become the objective of w'eli 
financed state or federal campaigns of eradication. The older patlmlogist does not need 
this assurance for he has long since realized that basically underlying the practical 
aspects of plant pathology are such fundamental problems as parasitism and interaction, 
problems of biological significance in themselves and often of practical value in their 
bearing on control. 

Of especial interest is the well worked out study of the intricate Fungus Insect 
Relationship in Chapter 1. The scale insects provide food and a means of distribution 
for the fungus, while the Septobasidiuni furnishes jprotection and a home for fhe insects. 
Of this two-membered consocium it is the insects that damage the underlying trm by 
their suctorial tubes, which pierce through the bark to the cambium, the fungufi con¬ 
tributing indirectly by fostering the insects, but doing little damage directly since in 
only a few species may the hyphae penetrate slightly into the living tissue of the bark 
or leaf. Tlie relation involves an unusual nicoty of balance, the insect colony, through 
the negligible sacrifice of the relatively few individuals parasitized by the fungus gaining 
as a whole an effective protection and a specialized housing, which fosters the production 
of offspring and facilitates their escape to accomplish the dispersal of the fungus by 
carrying its spores. The association is thus one of mutual benefit, a symbiosis in the 
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stl'ict SQ 11 .S 6 of tho word, find the biological situation involved, an intersection of mycol- 

entomology and plant pathology, leads into such fascinating paths of speculation as 
the evolutionary origin of such a specialized association so obvionslv of long standing. 
Furthermore, this combination of insect and fungus results in a new type of organism 
differing from either participating entity by itself and henc(‘ loads into the realm of 
emergent evolution in the borderland of lihilosophical biology remote from most of us 
but explored to the enrichment of biologic thought by such intrepid souls as Wheeler. 

The associative complex here involves a large number of scale insects, the 54 species 
identified from United States material and the 45 known from other sources, belonging 
chiefly to the genus Aspidiotus, some to ChUmaapiit and ChnjsomphaluSf with a few 
scattered through several other genera, probably representing fmly a part of the actual 
representation. The fungous participant, Sepfobasidiinn, comi>riscs around 170 species 
of which about half have been estabhshefl by Conch in his thorough twelve years' study 
of living and herbarium material in this country, Europe, and the West Indies. 

Especially interesting and valuable is the dis<*us8ion of the geographic distribution of 
Srptohtisidimn so far as it is known, listing the number of species collected from various 
countries and interpreting l»oth the general distribution and some of the more notable 
special cases on the basis of such chief means of dissemination as the spread of infected 
young 8<;ale insects, whether through their own crawling or through lieing carried bv 
birds, by other iiisc^cts or by the wind, and the spread of established Sepiohaaidium- 
insect cominunitjes through transplantation or long distance transport of the host trees. 
Of interest also is the detailed analysis of the distribution of Se.ptobasidium in the 
United States and (Vnada with its effective tabulations of distribution by States arcord- 
iug to the number of collections not only for the several states but also for the various 
host trees and its analyses of the special points of interest involved. 

Es])ecuilly thorough and significant also is the detailed account of the structure, 
development, and reproduction of the fungus with a careful comparative study of the 
specialized features of the traps, tunnels, houses, and breeding chambers fostering the 
insects and of the haiistoria parasitizing them. 

With this comprehensive study as a foundation, the structural features of taxonomic 
importance are carefully evaluated serving as a sound basis for the 230 pages of the 
taxonomic secti<»n with its revised and extended generic description, its effective key to 
th<» species, its detailed specific descriidions and its supplementary notes on species 
incompletely known or justifiably excluded. 

The relation of Sepfobaxidium to other nienihevs of the lower Basidiomycetes with 
transversely si^ptate basidia and especially to the rusts is carefiillr considered and the 
genus established as an order, Septobasidkles, of the Iletero basidiomycetcs, coordinate 
with the Auriculariales, Uredinalcs and Ustilaginalcs. Questions of cytology and hybridi¬ 
zation are covered briefly hut adeejuateJy, w'hile a c()m]>rehen8ive reference list of 120 
titles, thoroughly covering the literature and a servicealde and extensive index complete 
the text. 

The excellent and numerous illustrations fittingly complement the thorough and com¬ 
prehensive text. Assembled in the 48 half-tone ]date8 are numerous photographs show¬ 
ing the characteristic hafdt and distinctive gross structural features of all the more 
important species, while the zinc cuts, wasli drawings, and photographs of the frontis¬ 
piece, the 60 text figures and the first 06 plates illustrate with admirable effectiveness 
the structure of the participating insects themselves, their development in relation to the 
host trees and to the traps, breeding chambers and other 8]»eci{ilized structures of the 
fungus, and the context, hymenium, basidia, spores, and other distinctive morphological 
details of the several sp<*cie8 of Septobasidium. 

The book is a monograph worthy of a pla<*e beside that of Thaxter, an inspiration 
to the mycologist and plant pathologist, a significant contribution to biology as a whole. 

Since this review was written, I>r. Couch’s work has been awarded the Walker Prize 
of the long established Boston Society of Natural History, a signal honor, as tliis prize 
is given in recognition of the most outstanding contribution, whether a single piece of 
work or a concerted program, in the field of Natural Ilistorj’ during the preceding five 
years.— William H. WES'roN, Biological Laboratories, Harvard University, Cambridge, 
Maas. 




THEEE SPECIES OP PYTHIUM ASSOCIATED WITH ROOT ROTS 

Chaelks Brechbler 
(Accepted for publication October 7, 3939) 

In a paper (9) published nearly 10 years ago I presented as new 15 
species of Pyihium that had been isolated from decaying parts of various 
phanerogamic host plants originating from different localities in eastern and 
southern regions of the United States. Aside from some introductory com¬ 
ments, mainly of a compax'ative nature, the descriptions then accorded to 
the new forms were limited to diagnostic statements not accompanied either 
by needful explanatory remarks or by figures illustrative of details and 
peculiarities difficult to set forth adequately in words. It is hoped that as 
far as 6 of tlie species are concerned, these deficiencies of treatment have in 
a measure been remedied in supplementary accounts (12, 13) that have 
recently appeared in this journal. Similar supplementary consideration is 
herein devoted to 3 additional species, P. dissoiocum, P. periilum, and P. 
paroeeandruniy all of whicli I described from pure cultures isolated through 
procedure elsewhere (7, p. 310-312) recorded, from softened or discolored 
tissues of roots affected by decay. To facilitate comparison, the accompany¬ 
ing figures were prepared for reproduction at magnifications uniform with 
those ill similar illustrations of the congeneric forms dealt with earlier. As 
the zoosporangia of P. paroecandrum are of the conveniently compact sub- 
spheric-al type and appear unaccompanied by significant differentiation of 
supporting hyphae, they are shown, like some of the less rangy homologous 
slruetures (12, p. 399, fig, 3, L J, K) of P. acanihiemn Dreehsl, at the same 
magnification (i.e., x 1000) employed in illustrations of sexual apparatus, 
rather than at the lower magnification (/.e., x500) resox’ted to in figures of 
the more extensive filamentous or lobulate sporangial units of numerous 
related species. 

PYTllTUM DISSOTOCXTM 

The diagnosis of Pythhvm dissofociim Dreehsl. was based primarily on a 
culture submitted to me in a varied assortment of fungus cultures isolated 
by R. D. Rands from diseased roots of sugar cane, SaccJiarum officinarum 
L., collected near Thibodoux, Louisiana, in April, 1927; some utilization, 
however, being made also of observations on 5 other cultures in the same 
assortment that were easily recognized as conspecific from a thoroughgoing 
similarity of macroscopic appearance, and from a close parallelism in my¬ 
celial habit, zoosporangial development, and arrangement of sexual appa¬ 
ratus revealed by each of them tmder the microscope. On diseased sugar¬ 
cane roots the fungus would seem to occur with moderate frequency. Under 
the binomial P. dusoiocum, Rands and Dopp (19) make mention of 57 cul¬ 
tures that were isolated by them from such roots and subjected to growth 
measurements and to tests for pathogenicity. They further cite P. di$soi 0 » 
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cum among the 3 species that, apart from P. arrhenamanes Drechsl., were 
most frequently obtained by them from rotted sugar-eane roots in 1930. 
Inoculation experiments of these authors reveal the fungus as only weakly 
parasitic when environmental (Conditions are in ordinary degree favorable 
for the host plant; severe root rot with appreciable redu(,*tion in plant 
weight ensuing, however, under the predisposing influence of a soil toxin, 
salicylic aldehyde, in dilute concentration. 

The fungus is known to occur also on phanerogamic plants other than 
sugar cane. It was found in several sets of cultures isolated from softened 
roots of canning peas, Pisiim sativum L., collected in the coum of a slinky 
on which a report (5) was rendered in 1925. The sets of cultures in ques¬ 
tion were derived from collections made respectively near Easton, Mar^dand, 
May 15, 1924; near Centerville, Md., May 16, 1924; near Bridgeville, Dela¬ 
ware, May 27, 1924; near Cedarville, New Jersey, May 29, 1924; and near 
Westminster, Md., June 11, 1924. Pythium dissoiocum was likewise repi’e- 
sented in 2 cultures isolated b}^ F. R. Jones from pea roots collected in the 
course of another disease survey (16), One of these cultures was derived 
from material collected near Templeton, Wisconsin, July 4, 1924; the other 
from material collected near Gillett, Wis., July 17, 1924. The fungus was 
obtained later from discolored rootlets of Pilea pumila (E.) Gray collected 
near Cabin John, Md., Oct. 20,1926. Four cultures isolated from discolored 
rootlets of the sugar beet, Beta vulgaris L., gathered near Saginaw, Michi¬ 
gan, late in June, 1927, have been readily identified as belonging to the 
species; and a similar determination was made of 3 cultures derived from 
discolored roots of spinacli, 82 nvacea oleracca L., eollec'ted near Norfolk, 
Virginia, late in November, 1932. 

In pure culture on a transparent gel substratum not excessively rich in 
nutrients, such as is available more especially in maizemeal agar, Pythium 
dissoiocum grows appreciably more slowly than the very familiar congeneric 
forms causing damping-off in seed-b^ds. Aerial mycjelium is usually alto¬ 
gether absent on this medium, though sometimes developing in meager 
quantity on substrata that contain food substaiK^os in higher concentrations. 
As was stated in the diagnosis, the submerged mycelium is somewhat lus¬ 
trous, presenting an appearanc^e, therefore, in a sense median between that 
of the diffuse intramatrical mycelium of P. ultimum Trow on the one hand, 
and that of the very lustrous mycelium of P. comjde^is Fischer on the other, 
Commenwsurate with its moderate luster, the thallus of P. dmotocum) wdiile 
consisting more largely than that of P. xilimpim of rather straightforward 
axial'hyphae arranged nearly parallel with onfe another, is composed of such 
hyphae in smaller measure than is the thallus of P. coniplens or of the simi¬ 
larly very lustrous P, vemns de Bary P, compleciens Braun). The curi¬ 
ous regional variegation with respect to density of hyphal development that 
becomes apparent to the naked eye in a cumulous effect is not usually evi¬ 
dent in cultures of the fungus under consideration. Appressoria of modest 
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dimensions (Fig. 1, 0) are formed in some numbers where hyphae come in 
contact with the surface of the culture dish or of other hard objects. 

Production of zoospores by Pyihium dissotocmn ensues with much regu¬ 
larity when vigorous mycelium of the fungus is bathed in water. Extraordi¬ 
narily prolific development of swimming spores may be induced conveniently 
by cutting sizeable slabs well permeated with young mycelium from a vigor¬ 
ously growing Lima-bean agar plate culture, then transferring the excised 
slabs to an empty sterile Petri dish, and irrigating them by careful addition 
of well-aerated sterile water until the upper surface of the substratum is 
barely flooded. Often, on proper manipulation, virtually the entire my¬ 
celium becomes converted into sporangial units. In manj^ instances the 
individual unit is composed of a longish portion of a wide axial filament 
together not only with contiguous i>ortions of a few main branches but also 
with perhaps more numerous narrower lateral ramifications, one of which 
may become prolonged into a rangy evacuation tube more than 1 mm. in 
length (Pig. 1, A, a~k). Such a large extensive sporangium naturally gives 
rise to a correspondingly large vesicle wlierein from 100 to 125 zoospores 
may be fashioned. A sporangial unit of more moderate volume consists 
often of an intercalary portion of filament, 1 to 2 mm. long and 3 to 4 
wide, together with a half-dozen subsidiary ultimate branches, and yields 
between 50 and 75 zoospores (Fig. 1, D, a~e, f, g). Frequently an un¬ 
branched teraiiiial portion of filament, from 0.5 mm. to 1 mm. in length, 
becomes delimited by a basal septum, and, after forming a broad tip of 
dehiscence (Pig. 1, C, a-d), functions as a sporangium. A small spo¬ 
rangium may be provided with an evacuation tube measuring as little as 
1.5 [i in width below an expanded tip only 2.5 p wide (Fig. 1, P}. 

Under conditions very favorable for zoospore production, conversion of 
a portion of vegetative mycelium into an asexual reproductive unit is in 
most instances not preceded or accompanied by development of any specially 
differentiated elements, apart, of course, from the expanded cap of dehis¬ 
cence. In less numerous instances (Pig. 1, B, a-d), however, such conver¬ 
sion entails production of several swollen lateral branches (Fig. 1, B, w~z) 
noticeably wider than the filament bearing them, though frequently not 
exceeding in width the undifferentiated main axial hyphae of the fungus. 
The swollen branches attain more conspicuous development ordinarily after 
an expanse of mycelium has largely exhausted itself in zoospore production 
and has possibly been affected besides by some accmnulation of staling prod¬ 
ucts, as well as by incipient bacterial contamination (Pig. 2, A). Tliough 
usually affording only a rather meager display, the dactyloid bwanches 
appear truly homologous with the distended digitations, lobulations, and 
moriform aggregations familiar in certain congeneric forms like Pythium 
arrlienomMe^^ P. complens and P. periplocum Dreclisl. 

The zoospores of Pyth ium dissotacnni, after swimming about very actively 
for a variable period, come to rest and round up, thereby forming spherical 
cysts slightly smaller than the cysts of P. deharyanutn Hesse and of most 
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Pig, 2, Ppthium diasotocum drawn with the aid of a camera lucida. A, Portion of 
irrigated niyeelium, showing zoosporangial differentiation in relatively luxuriant develop¬ 
ment of inflated lateral branches} x600. B—P, Units of sexual apparatus; X 1000, 
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other allied species familiar to plant pathologists. Often the spherical bodies 
then germinate in a commonplace manner by the production usually of a 
single delicate germ hypha (Pig. 1, J, a~f); or, again, they may develop 
iteratively, each putting forth an evacuation tube (Pig. 1, K, a~c; L, a) 
and discharging its contents (Pig. 1, L, b) into a small vesicle, there to be 
fashioned into a new biciliate motile zoospore (Fig. 1, L, c--e; M) of the 
same type as the one from which it originated. As a result of such iterative 
development, immmerable empty cyst envelopes with open evacuation tubes 
of varying lengths (Pig. 1, N, a-h) are often to be observed scattered about 
everywhere in an irrigated preparation. 

The frequency of iterant swarming in zoospores of Pythium dissoiocum, 
to which brief allusion was made in an earlier paper (8, p. 569, lines 47 to 
50) devoted mainly to similar activity in zoospores of various other pythi- 
aceous forms, suggested the specific epithet, a term meaning twice-born, 
subsequently applied to the fungus. Additional instances of iterant swarm¬ 
ing following repeated emergence have since been supplied by Sparrow (21) 
in the descriptions of Jiis P, adhaerens and his P. angmiatimi, Ilohnk (14) 
noted that the zoospores of the fungus he described as P. epigynum under¬ 
went a second swarm period when fresh water was added after a first en- 
eystment had occurred. This investigator later took occasion to give details 
concerning particular examples of repetitional development observed by 
him (15). 

Most strains of Pythium dmoiocum ordinarily show abundant and 
prompt sexual reproduction when grown on maizenieal agar containing in 
suspension a moderate quantity of finely ground maizemeal. It is true, 
sexual reproduction occasionally fails to take pla(*e, not only in the more 
refractory strains but also in strains habitually productive of oospores in 
immense numbers. As the conditions evoking such apparently capricious 
behavior have not hitlierto been determined, it may only be conjectured that 
possibly some specific nutrient substance, not always available in sufficient 
quantity, exerts a goveniiiig influence. However, once sexual structures 
have been formed, they are little given to degeneration on a serious scale. 

The subspherical oogonia of the fungus may be terminal (Fig. 3, A; D, 
a; H) or subterminal (Pig. 2, B; Pig. 3, E) on branches of variable length, 
though more often they are borne on the maiii hyphae in intercalary x>osi'- 
tions, sometimes mesially (Pig. 2, C; D, a; E, a, b; Pig. 3, B; C; D, b; P; J ; 
K, b; L, a) or, again, laterally (Pig. 3, G, a, b; I; K, a; L, b). As the delimit¬ 
ing septa are often placed at appreciable distances from the subspherical 
contour, cylindrical parts, commonly 2 p or 3 p long, but sometimes jueasur- 
iug 5 p (Fig. 3, J), 6 p (Pig. 3, C), 7 p (Pig. 3, D, b) or even 11 p (Fig. 2, 
E, b) in lafigth, come to be included in the female organ. Not infrequently, 

2 intercalary oogonia are formed adjacent to each other (Fig. 2, D, a, b; 
Fig. 3, G, a, b; L, a, b). 

The male complement of the individual oogonium consists usually of 1 to 

3 antheridia, which, for the most part, are of the inflated crook-necked tyi^e 
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Fio. 3. Sexual apparatus of Pgihinm aUtmUmim drawn with the aid of a camera 
Incida to a uniform mugnifirntiou; x 1000 tliroughout. 



196 


PHyrOPATHOLOGY 


[VoL. 30 


familiar in many congeneric species. Where plural antheridia are present 
they appear usually to have arisen without reference to one another, often 
despite a moderately close mycelial connection between them. As for their 
otiier relationships, the antheridia are often borne terminally on branches 
arising either from neighboring hyphae having no close connection with the 
oogonial filament (Pig. 2, B; C; D, e; E, e, d, f; Pig. 3, A, c; D, c; P, c; G, 
c, d; I, a, b; L, d), or from the oogonial filament at variable distances from 
the oogonium (Fig. 3, A, b; E, b; H; K, c, d, e), or often, again, from the 
oogonial filament in close proximity to the oogonium (Pig. 3, A, a; B; C; 

D, e; E, a; P, b). Often, too, an antheridium is borne sessile on the oogonial 
filament in immediate proximity to the oogonium (Pig. 3, D, d; P, a; J, a, 
b; L, c). The ^^hypogynaP’ type of antheridium, consisting of an out¬ 
wardly undifferentiated portion of filament adjacent to the oogonium (Fig. 

2, D, c) has likewise been observed in cultures of the fungus, though so infre¬ 
quently that the few instances must be regarded as somewhat exceptional. 

Application of the antheridium to the oogonium usually entails some 
apical flattening, so that contact between the opposed organs is generally 
wider in this species than in Pythium periilum, for example. In units of 
sexual apparatus with plural antheridia, all ordinarily discliarge their con¬ 
tents into the oogonium. As in many other fungi, various irregularities of 
sexual reproduction occur in P. dissotocum, an example being illustrated 
somewhat incidentally in figure 2, D, where the antheridium Avhich 
presumably became applied to the oogonium at a relatively late stage, 
is shown to have resorted to vegetative growth by intruding a liyphal pro¬ 
longation into the unoccupied portion of the oogonial chamber, and by put¬ 
ting forth laterally a filament that gave rise to a short bran(*h bearing tlie 
antheridium which clearly was operative in the fertilization of tlie 
oogonium ‘^b.” 

Following fertilization the oogonium of Pyihium dissotocum shows a 
sequence of internal change familiar in most congeneric species. The con¬ 
tracted protoplast surrounds itself wuth a thick wall. The sizeable lumps 
of somewhat homogeneous consistency into which the porridge-like granular 
material has been aggregated, become displaced at the center of the young 
sexual spore by a homogeneous globule of increasing size (Pig. 2, B; C; Pig. 

3, P). The resulting parietal layer diminishes in thickness correspondingly, 
and often reveals a perceptibly radial orientation as its coiiKtituent lumps 
undergo transformation into smaller granules (Pig. 3, I), a, b; E; G, a, b; 
J). At early maturity the layer has a densely and rather minutely gjrannlar 
texture, contrasting sharply with the apparently homogeneous structure of 
the single subspherical or oblate ellipsoidal refringent body (Fig. 2, D, a, b; 

E, a, b; Pig. 3, B; I; K, a, b; L, a, b). After several weeks of aging it is 
often found composed of larger subspherical granules measuring about .5 p 
in thickness (Fig. 3, A, C), and the single refringent body may be replaced 
by 2 similar bodies of slightly reduced dimensions (Pig. 3, H). 
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In the texture of its parietal layer the oospore at advanced maturity thus 
comes to present an engaging resemblance to the oospores of various Sapro- 
legniaceae, including the several terrestrial parasitic species known to cause 
root rot in phanerogamic crop plants. This resemblance would seem sus¬ 
tained in a transitory arrangement of protoplasm observable in the zoospo- 
rangium of Pythium (lissoioenm shortly, though not immediately, preceding 
its evacuation. During the earlier stages in the development of an apex of 
dehiscence (Fig. 1, E, a), the contents of the hyphae to be included in the 
new sporangial unit show little alteration from the granular texture usual 
in vegetative filaments (Fig. 1, E, b). Later, when the hyaline cap has 
nearly attained its definitive proportions (Fig. 1, E, c), longitudinal vacu¬ 
oles make their appearance in the hyphae, and often coalesce into extended 
axial lacunae of irregular outline (Fig. 1, E, d). In some of the narrower 
filamentous elements, tliough not usually throughout the sporangium (Pig. 
1, E, e), tlie longitudinally vacuolate condition may for a brief time be sup¬ 
planted by a transversely vacuolate one (Pig. 1, E, f), so that cylindrical 
portions of })rotoplasm alternate with regularly spaced vacuoles in a manner 
recalling the arrangement of zoospore protoplasts in Aphanomijces spo¬ 
rangia previous to their becoming connected by axial strands. To be sure, 
the transversely vacuolate condition is rather completely obliterated in the 
sudden reorganization of contents that precedes sporangial discliarge by a 
few seconds. In this reorganization, which is often aceompanied bv a visible 
jolt of the hyphae eoncerued, the protoidasmic contents are withdrawn a 
short distance from the liyaline cap (Pig. 1, E, g), and revert throughout 
the rei)roduetive unit to a granular texture relieved only sparingly by a few 
small, scattered vacuoles (Fig. 1, E, h). 

Au interrupted disposition of protoplasm, somewhat similar to that asso¬ 
ciated transitorily with sporangial development, is observable often in aging 
vegetative filament.s (Fig. I, G) of the fungus. Although aging of mycelium 
here entails nmt'h less abundant deposition of retaining cross-walls than in 
Pythium debar you urn, for example, successive sei)ta may occasionally be 
found rather closely spaced in the empty hyphae (Fi?. 1, H). 

With regard to its principal diinetisioiis, Pythium dissotooum shows the 
rather moderate range of variability prevailing in most members of the 
genus to which it befongs. The data in the diagnosis relevant to oogonial 
size were derived from 200 measurements of mature oogonia of obviously 
wholly normal development selected at random in maizemeal-agar cultures 
showing very copious sexual reproduction with virtually no degeneration. 
The 200 values for diameter of oogonium, expressed to the nearest micron, 
showed a distribution as follows: 12 p, 1; 14 p, 1; 15 p, 3; 16 p, 1; 17 p, 3; 
18 p, 12; 19 p, 34; 20p, 33; 21 p, 43; 22 p, 36; 23 p, 17; 24 p, 6; 25 p, 7; 29 p, 
2; 32 p, 1. Measurements of the 200 oospores of correct structure contained 
within the oogonia, gave the following values for diameter, expressed to the 
nearest micron: 11 p, 2; 12 p, 1; 13 p, 1; 14 p, 2; 15 p, 8; 16 p, 25; 17 p, 48, 
18 p, 45 ; 19 p, 42; 20 p, 14; 21 p, 6; 22 p, 4; 26 p, 1; 27 p, 1. 
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PYTIIIUM PERIILUM 

The same collection of fungus cultures from sugar-cane roots that sup¬ 
plied the material on which primarily was based the description of Pytliium 
dmotocum, included also the single culture from which, after varied treat¬ 
ment and propagation, was drawn the diagnosis of P. periihm Drechsl. 
Subsequently, a number of additional cultures, closely similar to the one in 
question with respect to macroscopic appearance, as well as with respect to 
morphology of sporangium and sexual apparatus, were committed to me by 
R. D. Rands and B. Dopp, who had isolated them likewise from affected 
roots of sugar cane in Louisiana. These investigators have found the fungus 
only feebly aggressive as a parasite, for under experimental conditions per¬ 
mitting severe damage by P. arrhenomanes, it caused only occasional root 
tips to become flaccid (19). In commenting on P. periilum^ Stevenson and 
Rands (22) characterize the species as a weakly parasitic one, infrequently 
isolated from rotted rootlets of sugar cane. 

On maizemeal agar, Pythinm, pcriilum shows approximately the same 
rate of hyphal extension as P. dmotocum^ and produces similarly an intra- 
matrical mycelium with a lustrous radiate appearance expressive of a con¬ 
siderable degree of parallelism in the orientation of the main axial filaments. 
However, instead of the relatively uniform mycelial distribution usual in 
cultures of P. diHaotocum, the vegetative thallus has rather marked local 
inequalities in the concentration of its hyphae, whereby it offers to the naked 
eye a patchy effect that from a suggestiveness of banked (‘umulous clouds 
was denominated ‘^euinulous’’ in the diagnosis of the species.^ Though 
aerial growth is usually absent in cultures ou maizemeal agar, some richer 
substrata as, for example, Lima-bean agar, sometimes afford meager develop¬ 
ment of aerial mycelium in a somewhat appressed, (*ompact, felty layer. 

On microscopic examination of its vegetative mycelium the fungus is 
revealed as oue of the more delicate members of the genus to which it be¬ 
longs. Knob-like appressoria of relatively small dimensions (Fig. 4, A, B) 
are formed in moderate numbers terminally on some of the delicate branches- 
that encounter the bottom of a culture dish, or that otherwise come into 
contact with a hard object. 

Asexual reproduction can be induced conveniently in Pythium periilum 
b.y excising sizeable slabs from a thinly poured Lima-bean-agar plate culture 
well permeated with young mycelium, aud transferring them to a shallow 
layer of aerated sterile water in a sterile Petri dish. Some reproductive 
units are formed by direct conversion of undifferentiated filanikentous 
hyphae, with only a rather meager increment accruing through development 
of an expanded tip of dehiscence. Sporangia of such meager external modi¬ 
fication are, however, less frequent in irrigated material of the present 
fungus than in irrigated preparations of P. dissofocum, owing to a more 
abundant production of swollen digitate elements, here singly, there in some- 

1 Sidoris (20) has since made reference to the same macroscopic effect by the 
descriptive term * * rosette. * * 
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what intricately branching systems (Fig. 4, C) comparable, more especially 
perhaps, with the homologous sporangial complexes of P. myriotylum 
Drechsl. Collectively, the swollen parts included in a sporangium, when it 
comes to be delimited by deposition of a septum (Pig. 4, E) or of plural 
septa (Pig. 4, D), often are of a volume equal to (Pig. 4, D) or exceeding 
that of the unmodified filamentous parts. As in other species vacuolization 
of the associated filamentous and swollen elements proceeds simultaneously 
with the development of a widened refringent apex of dehiscence on an 
evacuation tube frequently of considerable length (Pig. 4, D, t; E, t). Dis¬ 
charge of the sporangial contents into a vesicle resulting from inflation of 
the refringent cap (Pig. 4, P), transformation of the discharged mass into 
biciliate zoospores (Pig. 4, G, H), and liberation of the motile bodies (Pig. 
4, I) by disintegration of the vesicular membrane, follow in familiar 
sequence. 

With appropriate irrigation Pyihitim peri Hum produces swarm spores in 
about the same moderate measure of abundance as P. myriotylum; the 
fungus being in general more prolific asexiially than P. deharyanum, P. 
irregulare Buism., and P. mammillatum Meiirs, but appreciably less prolific 
than P. hntleri Subr., and decidedly less prolific than P. dissoiocum. After 
swimming about for some time the zoospores come to rest and round up into 
cysts (Fig. 4, J) that like the cysts of P. dissoiocum would seem to be some¬ 
what smaller than the homologous bodies of most of the congeneric parasites 
causing damping-otf. Germination of the globose structures takes place 
mostly by production of a delicate germ tube (Pig. 4, K, a-H*, e, f) or of 2 
such tubes (Pig. 4, K, d). 

In maizemeal-agar cultures, containing some finely divided maizemeal, 
Pythhan periilum gives rise promptly to sexual apparatus that develops 
usually with little evidence of degeneration. The subspherical oogonia 
appear very often in intercalary positions (Pig. 5, A, D-L), less frequently 
in subterminal (Pig. 5, B) or terminal positions (Pig. 5, C). Generally, 
while the individual female organ is still continuous with its suppoi^ting 
hypha, it becomes inwrapped rather intimately and extensively by a branch¬ 
ing filament (Fig. 5, A). Usually this filament arises from a hyplia having 
no close mycelial connection with the one bearing the oogonium (Pig. 5, 
A-G, I-K), but occasionally it originates as a branch given off by the 
oogonial hypha at a distance perhaps not exceeding 50 p from the female 
organ (Fig. 5, H). On the ramifications of this filament are soon borne, 
mostly terminally, but in some cases approximately laterally, front 2 to 5 
antheridia, which become delimited by basal septa at about the same time 
the oogonium also is demarcated by deposition of one or, more often, 2 cross- 
walls, now flush with the spherical contour, now at a distance of 1 to 4 p 
from it (Pig. 5, B~L). As a rule all of the antheridia discharge their con¬ 
tents into the oogonium, whereupon, if degeneration does not intervene, an 
oospore is formed that at early maturity shows the unitary internal organi¬ 
zation evident in ripe oospores of most species of Pythium ,—its single 
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central reserve globule being surrounded by a densely granular parietal 
layer in which is imbedded a single refringent body, subspherical or oblate- 
ellipsoidal in shape (Fig. 5, I-K). Developmental irregularity sometimes 
becomes manifest in the production of 2 oospores within an oogonium (Fig. 
5, L). For better comparison with other species, all inordinately fecund 
units of sexual apparatus were excluded from consideration in the parts of 
the diagnosis relevant to the main dimensions of oogonium and oospore; the 
data there given having been derived from measurements of 100 monospo- 
rous sexual units selected at random in a mai74emeal-agar culture that had 
produced oospores very abundantly with little evidence of degeneration. 
The 100 oogonia gave values for diameter, expressed to the nearest micron, 
with a distribution as follows: 16 p, 1; 17 p, 13; 18 p, 23; 19 p, 31; 20 p, 22; 
21 p, 7; 22 p, 3; and the oospores of correct unitary internal structure con¬ 
tained within them gave values for diameter, likewise expressed to the near¬ 
est micron, with the following distribution: 14 p, 1; 15 p, 2; 16 p, 21; 17 p, 
32; 18 p,26;19p, 14;20p, 4. 

Rather little diagnostic value attaches to the sizes of oogonium and 
oospore in Pythium periilum, as the homologous bodies of many congeneric 
forms, including the several species most commonly implicated in damping- 
off, reveal approximately similar dimensions. Certainly, much greater dis¬ 
tinctiveness is represented in the extensive and close inwrapment of the 
female organ by the branching antheridial filament,—this feature, indeed, 
having suggested the epithet applied to the fungus, a term derived from a 
word meaning wrap round/^ Inwrapment of equal extent and inti¬ 
macy, though frequent among terricolous species of AphanomyceSf has been 
encountered elsewhere in the genus Pythium, as far as 1 am aware, only in 
P. scleroteichum Drechsl. (10), the parasite that, with P, ultimuni, is re¬ 
sponsible for mottle necrosis, a curiously labyrinthine decay of the edible 
roots of the sweet potato, Iponioea hatatis (L.) Lam. Similarity to P. sclero- 
teichum is recognizable, besides, in a characteristic frail appearance of the 
rather small, thin-walled antheridia, which, like the thin-walled branches 
supporting them, become almost indiscernible after being evacuated of con¬ 
tents. However, the transverse dorsal furrowing, often to be seen in the 
antheridial branches of P. scleroteichum, has never been observed in P. 
periilum. Further, in P. periilum the oospore so nearly completely fills the 
oogonial chamber that, often in large part, its relatively thick wall appears 
more or less closely adnate to the much thinuer, somewhat evanescent 
oogonial membrane; whereas, in P. scleroteichum, the of)spore is always very 
loOfi^ly contained within a considerably larger oogonium, and its wall only 
fiAigbtly exceeds in thickness the conspicuous and extraordinarily enduring 
oogonial envelope. 


PYTHIUM PAROECANDRUM 

The diagnosis of Pythium paroecandrum Drechsl, was based primarily on 
a enlture isolated from the somewhat blackened tip of a rootlet that alone 
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seemed to harbor an infection among hundreds of wholly unblemished root¬ 
lets on a flourishing clump of field garlic, Allium vineale L., originating 
from near McLean, Virginia, early in May, 1925. The culture in question 
had been the first one referable to the species to c?ome into my hands. Pre¬ 
vious to its description the fungus had been isolated also from several dis¬ 
colored rootlets of the pale touch-me-not, Impatiens pallida Nutt., taken 
from specimens of that plant collected in the District of Columbia early in 
September, 1926. A few additional conspeeific cultures have since been 
obtained from separate discolored rootlets of the bloodroot, Sanguinaria 
canadensis L., collected in Arlington, Va., in April, 1931. 

When planted on maizemeal agar, Pythium, paroecandrum gives rise to 
a slightly lustrous iutramatrical mycelium of rather pronounced radiate ap¬ 
pearance tliat extends itself about half as rapidly as mycelium of P. ulti- 
mum, P. deharyanum, or P. irregulare. On this medium the fungus, unlike 
the 3 congeneric forms mentioned, produces usually no aerial hyphae, al¬ 
though on various richer substrata, such as Lima-bean agar, some meager 
aerial development may take place. When portions of a vigorously growing 
culture are removed to a shallow layer of water devoid of nutrienis, hyphae 
are put forth into the surrounding liquid only a short distance and in 
relatively small quantity. In its feeble extramatrical development the fun¬ 
gus differs markedly from the species habitually associated with damping- 
off,—the difference connoting undoubtedly an incapacity on the part of P. 
paroecandrum to operate destructively as a seed-bed parasite, inasmuch as 
strong extramatri(‘Hl development evidently constitutes not an incidental 
but ail essential and necessary attribute of damping-off pathogens, enabling 
them to span readily the tracts of unnutritious soil separating individual 
seedlings from one another. 

On appropriate irrigation fresh growth of Pythium paroecandrum rather 
I>romptly gives rise to subspherical zoosporangia. In dimensions and 
general conformation these bodies resemble approximately the zoosporangia 
of P. deharyanum, P. irregulare and P. mammiUaUim, though perhaps they 
more frequently include at one (Fig. 6, A, a) or both ends (Pig. 6, B) an 
outwardly unmodified liyphal portion between 5 p and 50 p in length. A 
sporangium wdth hyphal prolongations here, like the similarly composite 
asexual reproductive structures frequent in P. acanthicum, very often puts 
forth the evacuation tube from the cylindrical component (Pig. 6, A, t; 
B, t), rather than from the subspherical part. Indeed, even in instances 
where a hyphal extension is relatively short and of small volume, it yet 
serves frecjuently as origin of the evacuation tube (Pig. 6, C, t; E, t; P, t). 
The more purely subspherical sporangia usual in the species show little 
preference for any particular positional relationship of the evacuation tube 
(Pig. 6, G, t-0, t). With regard to vacuolization of the protoplasm within 
a sporangium, formation of a somewhat expanded hyaline cap at the tip 
of the evacuation tube (Pig. 6> B, t), discharge of the granular contents 
into a vesicle resulting from inflation of the cap, cleavage of the discharged 









1940] DBEcnsXiER : Pythium spp. Associated with Root Rots 


205 


protoplasmic mass (Fig. 6, B), and its transformation into motile biciliate 
zoospores, the fungus shows general parallelism with P. deharyanum, P* 
irregulare and P. mammillatum. Its zoospores, like those of the 3 con¬ 
generic forms mentioned, round up into globose cysts (Fig. 6, D, a, b) 
slightly larger than the homologous bodies of P. dissotocum and P. periilum. 

In maizemeal-agar cultures Pythium paroecamlrum forms sexual ap¬ 
paratus promptly and abundantly. The oogonia appear comparable to 
the asexual zoosporangia in their generally subspherical shape and pre¬ 
dominantly intercalary position. They are supplied individually with 1 
(Pig. 7, J; Pig. 8, A, f, g; B, d; D; E; F; G; I; O, c) to 5 (Pig. 7, C, e~g) 
antheridia. An antheridium often arises from a hypha having no close 
mycelial connection with the oogonial filament; but more frequently it 
originates from the oogonial hypha in close proximity to the oogonium. 
When of remote origin the male organ may consist of a saccate cell, borne 
laterally on an axial hypha (Pig. 8, D, I), or of a crook-necked inflated cell, 
borne terminally on a branch of varying length (Pig. 7, C, e, f, g); in 
neither case, however, revealing such variety and distinctiveness as when 
it arises in proximate relationship to the oogonium. The simplest type of 
antheridium ('ontributed by the oogonial filament consists merely of an 
outwardly unmodified ixniion of the filament adjacent to the female organ 
(h^ig. 7, F, a; Fig. 8, G; J, a; K, a). Such an antheridium, sometimes only 
10 p (Fig. 7, F, a), at other times over 25 p (Fig. 8, J, a) long, of necessity 
thrusts its fertilization tube directly through the septum delimiting the 
oogonium, so that the cross-wall together with the tube make up a funnel¬ 
like protrusion, which, later, may frequently be seen with narrowed open 
end touching the oospore. Similar fertilization takes jdace in instances 
where, on conversion into an antheridium, the portion of hypha concerned 
undergoes slight external modification by becoming perceptibly distended 
at the end immediately adjacent to the oogonium (Fig. 7, B, a; L, a; Fig. 8, 
O, d; P, b). Further modification in antheridial shaiie, through the pro¬ 
duction of a lateral outgrowth arising always from a position clo.se to the 
oogonium, permits intrusion of the fertilization tube through the spherical 
wall of the female organ. Depending on the measure of modification the 
lateral outgrowth may be of small volume in comparison with the cylindrical 
portion (Pig. 8, C, d; J, b) ; or, again, in instances where the cylindrical 
component is reduced to a very short segment, it may provide the main bulk 
of the antheridium (Pig. 7, D, b; J ; Pig. 8, B, e; N, a). The latter condi¬ 
tion approaches that represented in the frequent instances where the out¬ 
growth is cut off by a basal septum to form by itself a male organ approxi¬ 
mately sessile on the oogonial hypha (Fig. 7, B, b; D, a; E, c, d; H, a, b; I, 
f, g, h; Pig. 8, A, d; P-, H, a, b; N, b; P, a). Often, especially when the 
outgrowth attains a somewhat greater length, the septum is laid down at an 
appreciable distance from the parent filament, with the result that the 
delimited male organ is borne terminally on a stalk of variable len^h 
arising, of course, always from a position very close to the oogonium (Pig. 
7, C, c, d; G, a, b; H, c; I, i; Pig. 8, A, f, g; B, h; E; K, b). 
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Antheridia thus differing considerably in manner of origin are found 
variously associated in many units of sexual apparatus. Not infrequently 
a lateral outgrowth, delimited at its base by a cross-wall and divided by a 
median septum, comes to constitute 2 antheridia arranged in series; the 
basal portion, sometimes with a pouch-like excrescence of its own, servdng 
as a male organ no less than the distal portion (Fig. 7, A, a, b; I, d, e; M, a, 
b; Fig. 8, M, a, b). Likewise an antheridium composed wholly or in large 
part of a segment of hypha adjacent to the oogonium, may be contiguous 
with a sessile antheridium borne laterally on it (Fig. 7, L, a, b; Fig. 8, J, b, 
c; P, a, b), or may lack such contiguity only because the lateral antheridium 
is provided with a stalk (Pig. 8, B, g, h). Occasionally 2 fertilization tubes 
may be intruded into an oogonium from a more or less rangy antheridial 
system only rather dubiously divided internally by a protoplasmic plug 
(Pig. 8, C, a, b; L, c. d). Now and then, too, a sessile lateral antheridium 
may. bear distally an empty sterile hyphal prolongation (Fig. 8, C, c). 

After their fertilization the oogonia of Pythium paroecandrum show the 
internal changes familiar in many congeneric species. During the earlier 
stages in the development of the oospore its contents appear aggregated into 
somewhat irregular, sizeable lumps of nearly homogeneous consistency (Fig. 
7, L; Pig. 8, D). Reserve material of completely homogeneous consistency 
soon begins to accumulate in a globule at the center of the massed lumps. 
As the reserve globule increases in size the protoplasmic lumjis in the 
narrowing peripheral layer show indications of radial orientation (Fig. 7, 
I, a; Fig. 8, B, a; K) before becoming resolved into finer granules. At 
early maturity the oospore reveals unitary structure, its relatively large 
single reserve globule being surrounded by a rather narrow i)arietal graii- 
tilar layer in which is embedded a single refringent bcxly, occasionally sub- 
spherical in shape, but more usually rather strongly flattened (Fig. 7, A; B; 
C, a; D; E, b; P; G; H; I, b, c; K, a, b; M; Pig. 8, A, a, b; B, b; C; P; 
G;H; J;L, a;M;N; O, a, b;P). 

In cultures showing abundant sexual reproduction 2 oogonia ma>' often 
be fo\ind immediately adjoining each other, their chambers separated only 
by a delimiting cross-wall (Fig. 7, I, a, b; K, a, b; Fig. 8, A, a, b; 0, a, b). 
Frequently in instances of such contiguity one of the female organs is found 
supplied with antheridia (Fig. 7,1, d, e; K, c, d; F'ig. 8, A, e; O, c) coming 
from its adjacent neighbor, which, therefore, on casual inspection presents 
the appearance of a bisexual structure. On more careful examination the 
presumption of bisexuality is not sustained. Evidently the antheridia of 
apparently auomolous origin arise, individually, like other male organs in 
the species, from an unmodified portion of hypha adjoining the oogonium 
they are dt^stined to fertilize, and come to have their curious positional re¬ 
lationship only when the portion of hyplm in question is utilized directly 
in the production of a second oogonium contiguous with the first. Should 
the portion of hypha be utilized instead in the development of a contiguous 
sporangium, any antheridium it may have put forth will seem to have arisen 
from the asexual reproductive body (Fig. 7, E, d). 
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In Pythium paroeoandrum, as in many related fungi, oogonia and 
oospores departing markedly from a spherical shape are occasionally pro¬ 
duced. Mycelium that has become largely exhausted in reproduction seems 
more inclined than young mycelium to afford development of malformed 
oogonia, wherein may be developed cylindrical oospores measuring perhaps 
40 p in length and 10 p in width (Pig. 8, I), or, again, oospores of shapes 
suggestive of a dumb-bell (Pig. 8, E). Such oospores are often extensively 
adnate to the oogonial wall, and internally may reveal 2 (Pig. 8, E) or 3 
(Pig. 8, I) reserve globules. The partly multiplicate internal structure 
represented here is manifestly referable to spatial exigencies, and is there¬ 
fore not to be confused with the distinctive multiplicate structure character¬ 
istic of the oospores of P. helicoides Drechsl. and its allies. 

Oogonia and oospores of such atypical form were excluded from con¬ 
sideration in the 2(K) measurements on which were based the statements 
given in the diagnosis relevant to the main dimensions of the fungus. Apart 
from this meager discrimination the measurements were made on units of 
sexual apparatus sekuded at random in maizemeakagar cultures of the 
strain originating from field garlic,—each of the cultures used showing 
very abundant sexual reproduction with virtually uo degeneration. The 
200 mature oogonia gave values for diameter that when expressed to the 
nearest micron were distributed a.s follows: 11 p, 1; 15 p, 1; 16 p, 1; 17 p, 1; 
18 p, 3; 19 p, 11; 20 p, 33; 21 p, 52; 22 p, 51; 23 p, 27; 24 p, 15; 25 p, 3; 
27 p, 1; and the 200 oospores of correct unitary internal structure contained 
within the oogonia gave values for diameter that when expressed to the 
nearest micron showe<l the following distribution: 10 p, 1; 13 p, 1; 14 p, 1; 
15 p, 1; 16 p, 8; 17 M, 39; 18 p, 71; 19 p, 54; 20 p, 18; 21 p, 5; 22 p, 1. 

While in its a.sexual reproductive phase Pythium paroccandrum is 
closely similar to P. debaryauum^ P, irregularc and P. mammillatuw, it 
differs markedly from these sj^ecies in its sexual phase; for, as has been 
noted, wherever its oogonia are fertilized by aiitheridia coming from the 
same filament, the aiitheridia in question are never borne, as usually in the 
3 congeneric forms mentioned, on branches arising some distance from the 
female organ, but eitlier consist in whole or in part of an adjacent iiortiou 
of filament, or constitute tlie whole or a part of a process arising laterally 
from the axial filament in immediate proximity to the female organ. To be 
sure, the antithesis between P. paroccandrum and P. dcbaryanutn with re¬ 
gard to origin of antheridia in monoclinous sexual apparatus is not a com¬ 
plete one, as the latter species also reveals, though only rather sparingly, 
male organs arising in proximate relationship to the oogonia. The same 
partial antithesis has been set forth earlier (6, 11) in distinguishing P. 
nltimum from P. dcbaryanum. Certainly, in their antheridial relationships, 
P. paroccandrum and P. nlihnum present a striking parallelism. However, 
the mature oospore of P. parocc^indrum differs rather markedly from that 
of P. ulthnurn in the greater size, proportionally, of its central reserve 
globule, in the correspondingly lesser thickness of its parietal granular 
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layer, and in the frequently much flattened shape of its refrinf?ent body. 
,Purther, of course, P. paroecandrum like P. debaryanum, P. irregulare and 
P. mammillattm, is separated from P. nliimum by its ready production of 
zoospores. 

Before Pythium paroecnndrum was described as new its morpholopcal 
features were considered in comparison more especially with the morpho- 
logrical details given by Butler (3) in the original account of his P. rostra^ 
turn. Although the measurements for diameter of zoosporangium given by 
Butler somewhat exceed those of roy fungus, the difference could not be re¬ 
garded as sufficient for the separation of 2 species. Even less disparity was 
evident with respect to size of oogonium. If the autheridiuni of P, ro&ira- 
turn, described as being generally single, and as consisting often of a short 
hyphal segment adjacent to the oogonium, or of su(di a segment together 
with a short lateral process arising therefrom, fails to embody the whole 
range of variability revealed by autheridia in monoclinous sexual apparatus 
of my fungus, it yet could be recognized as unmistakably embodying an im¬ 
portant part of that range. The chief difference impelling separation was 
much the same as that on which Butler based the separation of his species 
from P. debaryanum. For, in P. paroecandrum, as in P. debaryanum, and 
also as in P. ultimum, during a long period assimilated to P. debaryanum, 
the oospore is considerably smaller than the oogonium, and is, therefore, 
loosely contained within the oogonial chamber; whereas, in P. rodratum, 
the oospore completely or nearly completely fills the oogonium. The dis¬ 
tinction appears all the more valid from the eircumstamjc that Butler 
studied his fungus in water cultures, where oospores of many species of 
Pythium tend to become smaller in proportion to the oogonium than on firm 
agar substrata. According to Butler, moreover, the tube of dischai*ge in 
the sporangium of P. rosiratum is characteristically thickened about mid¬ 
way in its length. By way of contrast the eva(*uation tube pi^odiiced by the 
sporangium of P. paroecandrum does not show consistently any distinctive 
localized modification; its tendency toward occasional crookedness and 
toward distal widening being shared by the homologous elements of many 
related species. 

Prom de Bary's publications (1, 2) on his Pythium proliferum and P. 
ferax, it seems clear that these fungi produce antheridia in proximate re¬ 
lationship to the oogonium. However, the terminal prolifex'ous sporangium, 
characteristic of P. proliferum and found presumptively also in P. ferax, 
represents a type of asexual reproductive body differing rather widely from 
the more commonpla(*e, usually intercalary, oon})roliferous sporangium of 
the present form. 

In Pythium pulchrum, which, according to its original description by 
von Minden (18), also produces antheridia adjacent to oogonia, the oogonia 
and oospores have average diameters of 28 p and 24 p respectively, and are, 
therefore, considerably larger than the corresponding structures of P. 
pmoacandrnm^ The clustered basipetal development of sporangia, figured 
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by von Minden, has never been observed in irrigated preparation of my 
fungus. Several cultures that I have isolated from aquatic material and 
that show satisfactory agreement with the description of P, pulchrum, are 
assuredly alien to P. paroecandrum, 

' Hbhnk (14), in his original account of Pythium epigynum, dealt with 
a form wherein, again, mostly intercalary, subspherical zoosporangia com¬ 
parable in size to the zoosporangia of P. paroecandrum are associated with 
oogonia that only slightly exceed those of my fungus in average diameter 
and that apparently are regularly fertilized by 1 or 2 antheridia consisting 
of somewhat swollen adjacent hyphal segments. From the discussion and 
illustrations given by him it is not apparent that antheridia individually 
consisting in whole or part of a lateral outgrowth arising in immediate 
proximity to the oogonium were ever observed, or that fertilization tubes 
ever entered the oogonial chamber except by penetration of the delimiting 
septum. The oospores of P. epigynum, judging from their range in 
measurements of diameter, 14 to 22 p, mostly 18 p, appear closely similar in 
size to those of P. paroccnmlntm, and, incidentally, would seem to have been 
more plausibly described in Hdhiik’s arresting phrase ‘‘oogone not filling” 
than in the deduction lie drew from an overlapping of plotted curves 
representing values for diameters of oogonium and oospore. The rather 
meager dimensional overlap suggests not so much that some oospores fill the 
oogonia wherein they are produe(»d, as that some of the larger oospores pro¬ 
duced by the si)ecies, if they could be transferred, would fill some of the 
smaller oogonia produced by the species, and would, indeed, more than fiOil 
other still smaller oogonia produced by it. 

Matthews (17), in illustrating Pythium pulchrum, gives figures among 
which some show much resemblance to Hohnk^s figures of P. epigynum 
with X’ogard to position and origin of antheridia. If the magnifications 
indicated for Matthews’ figures are correct, the oogonia and oospores drawn 
by her would appear, besides, to fiave had dimensions approximately equal 
to the homologous dimensions of P. epigynum, despite an implication in her 
account that the drawings w^ere prepared from a culture producing oogonia 
even somewhat larger than the oogonia of von Minden’s fairly robust fun¬ 
gus. However, the catenate arrangement of zoosporangia set forth by 
Matthew^s received no mention in Hohnk’s ac(*ount. It is not apparent that 
either of the 2 fungi studied by these authors had a range of variations in 
antheridial relationship comparable with that revealed by P. paroecandrum. 

In describing his Pythium piperimim as a new species causing root rot 
of pan, Piper hetle L., and of pipri, P. longum L., Dastur (4) mentioned 
that its antheridia may consist of a branch from the oogonial hypha, or may 
develop directly from this hypha. All 3 of Dastur’s drawings of sexual ap¬ 
paratus show plural antheridia in positions near an attachment of the 
oogonium to the supporting filament, suggesting that the male organs were 
derived from lateral outgrowths put forth by the filament close to the 
•oogonium. In their measurements tlie oogonia and oospores of P. piperinum 
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appear only slightly smaller than those of P* paroecandrum. However, the 
zoospores of the Indian fungus, measuring only 3.4 to 5.1 p would seem not 
only smaller than the swarm spores of P. paroecandrum, but smaller than 
any normal swarm si>ores I have seen produced by any species of Pythium. 


SUMMARY 

Many zoosporangia of Pythium dissotocum consist of completely un¬ 
differentiated filaments, while others include a number of somewhat dis¬ 
tended lateral branches. They yield enormous numbers of zoospores, which 
often are much given to iterant swarming. In the sexual apparatus of 
the species are revealed some autheridial relationships familiarly exemplified 
in P. debaryanum and P, ultimum. 

Pythium periilum displays swollen elements more abundantly in its 
zoosporaiigia than P. dissotocum. Its oogonium is extensively and closely 
inwrapped by a branching autheridial filament, much like the oogonia of 
P. Sicleroteichum and various terrestrial species of Aphanomyces. 

Pythium paroecaudrnm produces subspherical zoosporangia like those 
of P. debaryanum. As is implied in the specific epithet, a term compounded 
of 2 words meaning **neighbor^’ and ^^man^^ respectively, its antheridia 
often arise in close proximity to the oogonium. Thus, in arrangement of 
sexual apparatus, the species greatly resembles P. ultimum, although the 
oospore with its relatively large reserve globule has an internal organization 
more suggestive of P. debaryanum. 

Division of Fruit and Vegetable Crops and Diseases, 

Bureau of Plant Industry, 

U, S. Horticultural Station, 

Beltsville, Maryland. 
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VOLATILE FUNGICIDES, BENZOL AND RELATED COMPOUNDS, 
AND THE PRINCIPLES INVOLVED IN THEIR USE’-^ 
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F , B . D A R K I .s , AND P . M . Gross 

(Accepted for i»uMication Nov. 16, 1939) 


INTKODIJCTION 

For several years Ihe use of volatile fiiiigieides to control downy mildew 
of tobacco has been givtni eonsideration both in Australia and in the United 
States. The information gained has been largely assembled in previous 
reports (1, 2, 3, 4, 6, 8, 9, 10, 13). Tlie present paper comprises two por¬ 
tions. The first deals with expei'iments involving the application of benzol 
at intervals of more than one night between snceessive treatments, and with 
experimentation on types of evaporators. The second details experiments 
concerning the mode of action of fumigant fungicides that are basic to 
the subsequent discussion of the principles involved in the use of volatile 
compounds. This portion is timely because volatile materials, aside from 
benzol, are indicated as useful not only in control of tobacco downy mildew 
but of various other plant disea.ses. 


APPLKJATION OF BENZOL AT REGULAR INTERVALS OF MOKE THAN ONE NIGHT 


In our previous reports (7, 9, 13) involving the use of benzol, each suc¬ 
cessive night, as a means for the prev’^entioii and control of tobacco downy 
mildew' in seed beds, attention was called to the fact that satisfactory control 
can be obtained when the interval between successive applications is longer 
than one night (13), The possibility of the more efficient use of materials 


1 Oooi»€rative investigation conducted by the Virginia Agricultural Experiment Btation 

2 Acknowlcd^eiit is made of the cooperation of Mr. E. O. Moss, Oxford, N. 0., in the 
conduct of experiments at the Tobacco Experiment Station. 
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and labor in connection with fumigation of seed beds with benzol made it 
desirable to gain additional information as to the efficacy of intermittent 
treatments at these longer intervals. During the season of 1939, therefore, 
experiments involving the application of benzol regularly at longer intervals 
were conducted near McDonald and Oxford, North Carolina and Chatham, 
Virginia. These locations are representative of the area devoted to the 
growing of flue-cured tobacco. The applications at each of these localities 
were made according to a predetermined schedule. In addition, near Chat¬ 
ham, benzol was applied when indicated by best judgment. 

The seed beds used were tightly constructed of boards. They were di¬ 
vided into compartments with an area of approximately 8 sq. yd., most of 
them having a width of 6 ft. Large beds, 10 to 12 ft. wide, were employed 
in a few cases. The covers wi^re luibleached cotton sheeting of the following 
spe^fications: threads per inch, warp 64, woof 64, sq. yd. to weigh 1 pound, 
2.7. The covers were thoroughly wetted after fastening them tightly in 
position. The surface area of the pans used for evaporating the benzol 
was 100 sq. in. The intervals between successive applications in the dif¬ 
ferent series were 1, 3, and 4 nights, respectively. The applications were 
eoritinued for approximately a month. The amounts of benzol applied were 
37.5, 50, 62.5, 100 or 200 ml. per sq. yd. of seed-bed area per application. 
The areas involved were 40 sq. yd. in 5 compartments treated every alternate 
night, 382 sq. yd. in 7 compartments treated every third night, and 24 sq. 
yd. in 3 compartments treated every fourth jjight. 

The outstanding conclusion from these experiments is that benzol need 
not be applied every night in order successfully to control downy mildew* 
It should be indicated that a slight amount of sporulatioii had taken place 
in all cases, prior to making the first api>lication, and that downy mildew 
was completely checked in each of the series, except one, by a single appli¬ 
cation of benzol. In this case sporulation was rather abundant throughout 
the bed at the initiation of treatment, and benzol was applied on two 
successive nights to make certain that the disease was checked. 

A few flecks with necrotic centers appeared on the older leaves of some 
of the treated seedlings. Careful daily examinations of each bed, for the 
occurrence of sporulation, revealed only one or two leaves bearing sporangia 
in any of the beds throughout the entire period of treatments. None of the 
seedlings in the treated beds succumbed to downy mildew, whereas all 
plants in nontreated control beds were attacked, and from 25 to 75 per cent 
of them were killed. The api)earance of one such bed, part of which was 
treated every fourth night and the other part, nontreated, as a control, is 
shown in figure 1, A and B. The treated seedlings (Fig. 3, A) were es¬ 
sentially of sufficient size to transplant, while the few surviving seedlings 
in the nontreated portion (Pig. 1, B) had just begun to recover. 

The Mine Safety Appliance Combustible Gas Indicator was again used 
(13) to measure the benzol-vapor concentration in the atmosphere of certain 
beds. Attention is called to the fact established in previous investigations 
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(13) that concentrations of benzol vapor in excess of 0.4 volume per cent are 
lethal to the downy mildew pathogen. The concentrations obtained during 
the greater portion of the nights in these beds were fungicidal with each of 
the amounts of benzol employed. 






Fig. 1. A. Portion of seed bed <o which t)en 2 ol w'as applied regularly at intervals of 
4 nights. (This also appears in the background of B.) B. Portion untreated. Photo¬ 
graphs taken on same dale as A. 

The maintenance of fungicidal concentrations was possible by virtue of 
two factors, (1) moisture on the covers and foliage, and (2) amount of 
benzol applied. It should be emphasized that moisture on the covers and 
foliage, as previously stated (6, 13), is the most essential condition to the 
effective use of benzol in seed beds. The amount of benzol applied was in 
most cases in excess of what would evaporate overnight. Use of the larger 
amounts was followed by slight leaf-tip injury, accompanied by more or less 
yellowing or blanching of the older foliage and, in some cases, by dwarfing 
of the seedlings (Fig. 2). Under our conditions approximately 35 ml. per 
aq. yd. of seed-bed area appears to be the maximum quantity allowable. 

APPLICATION OF BENZOL AT IRliBGUIjAR INTERVALS 

As a result of successful prevention and control of downy mildew of 
tobacco by applying benzol according to a fixed schedule at the longer 
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intervals between successive applications, it seemed logical to apply the 
fungicide at irregxxlar intervals, as indicated by judgment. Time of ap¬ 
plication of benzol was based on the following factors: (1) comprehension 
and appreciation of influence of temperature and rainfall on severity of the 
disease; (2) daily observations on progress of downy mildew not only in 
experimental but in near-by seed beds; (3) observations made each morning 
on abundance of sporulation; and (4) knowledge of influence of weather on 
dissemination and germination of sporangia. 



Fig. 2 , Blancliing of iutorcostal tissues eharactoristie of benscol injury to lobapco 
scedliiigs. 

Treatment of both experimental and growers’ seed beds in the manner 
described above was attempted near Chatham, Va. Applications of the 
fungicide were made first immediately after downy mildew appeared in the 
beds. Four to 6 additional applications so controlled the disease that the 
foliage was only slightly flecked. 

DAYTIME APPLICATION OF HENZOL 

In the hope of being able to shorten the period of treatment, several 
series of attempts were made to control tobacco downy mildew by applying 
benzol on clear warm days. Amounts ranging from 25 to 150 ml. pAr sq. yd. 
of seed bed area, were evaporated by means of pans, wick devices, and 
saturated cmnpacted “cotton balls.” The periods of treatment varied from 
1 to 4 hours. Seed-bed covers were kept wet during the treatments. Prom 
these experiments it appears that the heavier applications result in severe 
seedling injury. There was evident no eradicant action from applications 
of 25 to 50 ml. per sq. yd., even when the period of treatment extended for 
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3 hours on each of 2 successive daily applications. Daytime applications 
promise no success because of the difficulty of keeping the covers sufficiently 
wet to confine the benzol vapors to the seed beds, of keeping a film of mois¬ 
ture on the foliage, and the ineffectiveness of short-duration treatments. 

OTHKR MATERIALS AND METHODS OP TREATMENT 

Several preliminary tests of other volatile materials have been made to 
determine their value as downy-mildew fungicides. These materials in¬ 
cluded S. T. 28, prepareil by The Shell Oil Co.; aniline, phenol, aniline 
hydrochloride, paratoluidine, and pyridine. The results with each com¬ 
pound, except paratoluidine, are inconclusive. Aniline and paratoluidine 
caused severe seedling injury, and the latter was non-fungicidal in oUr tests. 

In a previous report it was pointed out that benzol vapor rather quickly 
enters into aqueous solution and that water constitutes the vehicle through 
which benzol becomes fungicidally active. It therefore seemed logical to 
test dilute aqueous solutions of benzol as sprays. These tests failed to 
demonstrate the practical value of sprayed benzol solutions as a downy- 
mildew fungicide, although their application proved beneficial. The limited 
fungiindal efficiency of benzol in aqueous solution derives from the large 
amounts of water required and the necessity of frequent applications. Its 
use as a spray for control of other diseases remains wholly unexplored; and 
the possible value of dilute solutions in soil sterilization, seems worthy of 
study. 

Dilute aqueous solutions of aniline, aniline hydrocliloride, and pyridine, 
sprinkled upon the seedlings, were markedly injurious, even in concentra¬ 
tions that gave no evidence of being fungicidal. The results with aqueous 
solutions of phenol indicated that this compound should be given further 
study as a means of controlling downy mildew. 

TYPES OF EVAPORATORS 

Apjiliances, previously used as evaporators for benzol, include pans, 
troughs, perforated tubes, and devices with wicks. Although all are not 
equally good, it is pos.sible to secure with each type satisfactory control of 
tobacco downy mildew. Furthermore, it has been found that seed beds not 
to exceed 6 feet in width facilitate installation and care during operation of 
any of these types of evaporators. Also sueli beds obviate the necessity of 
trampling in them while applying the fungicide. 

All ideal evaporator should be inexpensive, easy to install and replenish, 
and durable. It also should deflect rain and permit vaporization to proceed 
at a uniform rate. Efforts to devise such an evaporator have been only 
partly successful and have led to experimentation with 'fraction balls.'' 
A cotton Imil consists of 30 g. of compacted non-absorbent cotton, covered 
with cloth. These balls are then dipped in benzol and suspended from 
properly spaced stakes within the beds. One cotton ball for each 4 sq. yd. 
of seed bed has been found sufficient. Some canopy should be provided to 
deflect the rain* 
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GENERAL CONSIDERATIONS BEARING ON FUMIGATION WITH BENZOL 

Although, in 1939, entirely satisfactory control of downy mildew was 
secured by application of benzol at intervals of 1 to 4 nights between suc¬ 
cessive applications in 3 widely separated localities, there remains some 
basis for doubt whether equally satisfactory results could be secured every 
season. It is probable that the disease might not yield to treatment in 
localities where downy mildew yearly destroys nearly all of the seedlings 
unless the treatments are made every night. Such appears to have been the 
case in the experiments of Allan, Hill, and Angell (1). They report suc¬ 
cessful control in certain tobacco-growing areas in New South Wales and 
Queensland, if treatments are made on alternate nights, but failure with 
similar treatments in other areas. From their account it is not clear that 
their mode of application could be considered as effective as that described 
here. Our results indicate that benzol acts as an eradieant fungicide, pro¬ 
vided that (1) the proper amount of benzol be applied, (2) the rate of 
evaporation as modified by size of the evaporators and by temperature, be 
favorable, and (3) the tightness and moisture conditions of the bed favor 
retention of the enclosed vapors. 

Since the outbreak of downy mildew in 1931, this disease was especially 
destructive in the United States in 1932 and 1937, and only moderately 
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severe in the remaining years. There is evidence (5) that differences in 
weather conditions may account for seasonal differences in destructiveness 
of tlie disease. This point is illustrated if weather conditions in 1937 and 
1939, seasons in which the severity of downy mildew was strikingly dif¬ 
ferent, are contrasted. Weather data for the critical 28-day periods of 
these two seasons, near McDonald, N. C., are presented in figure 3. It is 
here apparent that the season of 1937 was considerably (jolder than that of 
1939. Almost 3 times as much rain fell in the former period as in the 
latter. Moreover, the proportion of cloudy and partly cloudy days was 
considerablj^ greater in the former season. Whether, under such severe con¬ 
ditions, it is possible to control downy mildew by applying benzol at inter¬ 
vals greater than one night will require further field experimentation under 
weather conditions approximating those of the 1937 season. 

EFFECT OP VOLATILE COMPOUNDS ON TISSUES OP TOBACCO SEEDLINGS AND ON 

SPOHES OP PATHOGENS 

Experiments on the effect of volatile compounds on the tissues of tobacco 
seedlings and on the spores of the ])atliogen will be detailed before entering 
into a discussion of the principles that are basic to treatment with volatile 
fungicides. This procedure provides evidence bearing on the mechanism 
of operation of toxic vapors. 

The Toxic Action of Benzol and Paradichlorobeiizene on Tobacco Seedlings 

Tobacco seedlings injured by fumigation with benzol or with paradi- 
chlorobciizenc have quite the same appearance. It may be recallexl that 
injury from benzol (Pig. 2) has been briefly described (9). Slight toxicity 
from jmradichlorobenzene induces yellowing of the foliage and the appear¬ 
ance of lesions near the leaf tips. If cloudy weather follows injury of the 
plants, these lesions become ])ale brown; if clear clays occur they are 
blea(?hed until nearly white. Tins observation is based upon experiments 
in which portions of injured leaves were screened from direct sunlight by 
black paper. 

In a previous report (9) consideration was given to the mode of action 
of benzol. It was postulated that benzol modifies tlie permeability of the 
plasma membranes by reacting especially with the lipoidal constituents of 
these membranes. This hypothesis was based not upon experiments de¬ 
signed to elucidate the mode of action but upon a rationale from the find¬ 
ings of those who ha^T- studied the toxicity of benzol to animals and upon 
the probability that the mechanism of toxic action to animal and to plant 
colls can be expected to accord in certain features. 

In efforte to determine whether permeability of the leaf cells of tobacco 
seedlings is changed as the result of exposure to vapors of benzol or para- 
dichlorobenzene, electrical conductance tests were employed. As plant 
physiologists well know, injured tissues exliibit increased permeability and 
the electrical conductivity of their fluid extracts is increased. In conse- 
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quence, electrical-conductance measurements have been accepted as a 
standard method for measuring the changed electrolyte concentration. 
Accordingly, leaf tissues from seedlings injured by exposure to vapors were 
placed in distilled water, and the samples were then put in a cold room to 
permit exosmosis. Tissues from normal leaves, similarly extracted, served 
as controls. After an approporiate inten’^al, measurements were made by 
means of a conductivity apparatus equipped with audio-amplifiers and head 
phones. The results of representative measurements are recorded in table 1. 

TABLE 1.— Specific conductivities (xlO^, at SO^ C.), expressed in reciprocal ohms, of 
water extract from leaves of tobacco seedlings. An htterval of eight hours was allowed 
for exosmosis at C, 


Series 


Treatment of seedlings 


Specific 

conductivity 


1 


2 


3 


4 


I Expos*^d over night to toxic cone, of para* : 

I dichlorobonzenc 404 

j Nontroated control 135 

I SeedlingvS veiy severely injured by ex¬ 
posure to vapor of parndichlorobenzone 517 

Injured severely by treatment with benzol 1213 

Nontroated control 186 

Exposed to vapors of )>aradichlorobenzene ^ i>41 

Leaves boiled in water , 962 

Nontreated control 135 

Seedlings exposed for 36 hours at 13^ C. 
to atmosphere saturated with para* i 

dichlorobenzene j 800 

Seedlings treated for 12 hours at 30^ C. 1 
with paradichlorobenzene j 780 

j Nontreated controls . . j 112 


The most apparent conclusion dedueible from these data is that leaf 
tissues injured by vapors of benzol or paradichlorobenzene are less able to 
prevent the loss by exosmosis of electrolytes. It must follow, therefore, 
that these volatile compounds increase the permeability of the plasma mem¬ 
branes. The degree of it.s modification apparently is dire<!tly correlated 
with the amount of injury or the extent to which the leaf tissues or entire 
seedlings collapse. 

Germination of Sjwrangia of Peronospora tabacina in Solutions of 
Volatile Substances 

A voluminous literature exists on methods of testing the fungicidal 
effects of chemicals. Wilcoxon and McCallan (12) state that studies on 
toxicity of fungicides are of 2 types: those in which quantitative measure¬ 
ments are made of some property of the individual, as, for example, length 
of germ tube or diameter of colonies; and those in which the individuals 
are divided into 2 categories, i.e., percentage of germinated and nongermi- 
nated spores. In, toxicity studies of the latter type it is well known that 





1940] WOLP, ET AL. : VOLATII^ FUNGICIDES 221 

each spore has its own particular lethal dose, a factor that makes impossible 
the procurement of a definite endpoint. Instead, it is found that a curvi¬ 
linear relationship exists when the distribution of individual lethal doses is 
plotted against the logarithm of the concentration. 

The techniques employed in tests of toxicity of non-volatile fungicidal 
substances have largely become standardized. This is not the case, however, 
at least to the same extent, with volatile fungicides, since the sine qua non 
of such tests is the use of closed germination chambers to maintain con¬ 
tinuously the desired concentration of the chosen chemical. The chemical 
to be tested, moreover, should not be soluble in the material used to seal the 
germination chambers. 

In his study of volatile fungicides Tomkins (11) used ground-glass-top 
jars. The molds were grown on agar solidified in the tops and inverted 
above the solutions of the volatile materials. Oserkowsky (8) placed vials 
containing saturated solutions in jars and surrounded the bases of the vials 
with agar. He also immersed the sclerotia of Sclerotium rolfsii in satu¬ 
rated solutions of benzol and a number of other compounds. In our 
experiments aqueous stock solutions, saturated at 30^ C. with benzol, 
paradichloroheiizeiie, phenol, and aniline were prepared and kept in glass- 
stoppered bottles. Dilutions of each were made when it was desired to test 
fungicidal value. Hollow-ground slides, van Tieghem cells, and stoppered 
capillary tubes proved unsatisfatdory and were discarded along with vari¬ 
ous substances used as seals. The germination chambei’s (Fig. 4) consisted 
of glass vials, 35 x 18 mm., with ground edges. These were filled almost to 
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the top with an appropriate dilution of the chemical to be tested. The top 
of each was closed with a cover glass bearing sporangia suspended in a 
hanging drop. A film of the test solution applied at the ground-glass edge 
of the vial made an effective seal, as shown by the fact that the hanging 
drops remained intact for 10 or more hours. Immediately after the hang¬ 
ing-drop suspensions had been made the germination chambers were placed 
in a chamber whose basal part contained water to provide them with an 
atmosphere of high relative humidity. Temperatures favorable for germi¬ 
nation were then provided. The tests were started between 7 and 8 a.m. 
and examinations were made between 5 and 7 p.m. 

Freshlj" formed sporangia were employed, an essential prerequisite made 

TABLE 2 .—Germination of sporangia of Feronospora (ahacina at 10^ C, to 1'2^ ( 7 . in 
aqveouft solutions of benzol, para dir hlorobenzene, phenol, and aniline 


Cone, of chemical 

No. of 
tests 

Kesults 

Hemarks 

3/8 saturated benzol 

8 

No germination 

S]>orangia plasmolyzed 

3/10 saturated benzol 

3 

No germination 

Sporangia plasmolyzed 

1/32 saturated benzol 

2 

No germination 

Germ lubes mere protrn- 

1/14 saturated benzol 

6 

Few sporangia ger- 

sions 

Germ tubes bud-like 

3/16 saturated l)enzol 

32 

ininaltMl 

Jn few germi- 

Germ tubes 2-4 times the 

3/3 8 saturated benzol 

4 

nated; in 4, none 
Germination abun- 

length of tJie s]»orangia 
Normal length of germ 

1/20 saturated benzol 

2 

dant 

Germination abun- 

tubes 

Normal length of germ 

1/24 saturated benzol 

4 

dant 

In 3, abundant; in 

tubeKS 

Normal Jengtli of germ 

1/32 saturated benzol 

5 

1, none 

In 4, abundant; in 

tubes 

Normal hmgth of germ 

3/4 saturated paradicliloro- 

6 

3, none 

No gerinillation 

tubes 

benzene 

5/8 saturated paradichloro- 

4 

In 2, few germi- 

Germ tubes the length of 

benzene 


nated; in 2, none 

the sporangia 

3/2 saturated jjaradichloro- 1 

12 

In 8, few germi¬ 

Germ tubes shorter tJian 

benzene 

1 

nated ; in 4, none 

normal 

3/8 saturated para dicliloro- j 

4 

Abundant germina- 

Germ tubes normal length 

benzene j 

3/4 saturated i>aradicliloro' 

7 

tiem 

Abundant gi'nnina- 

G('rm tubes normal length 

benzene 

1/600 saturated phenol 

8 

tion 

No germination 


1/650 saturated phenol 

4 

Jn * 1, few germi- 

j Germ tubes short , 

1 

1/700 saturated phenol | 

i ^ 

njited ; in 3, none 
Monger amount of 

Germ tubes short 

1 

1/750 saturated phenol 

1 

1 ^ 

germination 

Many sporangia 

Germ tubes not of normal 

1/800 saturated phenol 

2 

germinated 
Excellent '"*^ermina,- 
tion 1 

In 6, few germi¬ 

length 

Germ tubes norftial 

1/50 saturated aniline 

16 

Germ tubes sliort 

1/75 saturated aniline 

32 

nated weakly; in j 
10, none j 

In 6, only slight 

Germ tubes short 

1/100 saturated aniline 

7 

amount of germi¬ 
nation 

Good to excellent 

Germ tubes normal 


germination 
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possible by keeping a supply of infected tobacco seedlings in a box con¬ 
structed to maintain temperature and moisture conditions favorable for 
spornlation. Control germination tests were made daily under conditions 
identical with that described above, except for absence of the fungicide. 

A summary of the results of tests to determine the toxicity of certain 
volatile chemicals is contained in the following tabulation. 

Apparently, concentrations of saturated benaol, I saturated para- 
dichlorobenzene, 1/750 saturated phenol, and 1/75 saturated aniline closely 
approximate the minimal fungicidal concentrations of these substances for 
Peronospora tahacina. It should be said in explanation that the percentage 
germination of sporangia was not recorded, for it is known that they vary 
extremely in ability to germinate in water. 

Implications from Spornlation Experiments 
Observations agree that spornlation may not occur on infected tobacco 
seedlings until 6 or 7 days after treatment with benzol, a period correspond¬ 
ing to the length of the sporangial cycle. It was concluded, for this I’eason, 
that benzol is lethal to the niy(»elium wdthiu the leaves (9). Whether it 
actually is killed is unknown, although this would be easily ascertainable 
were it possible to grow the organism in test-tube cultures. It has been im- 



O 10 20 30 40 30 60 70 


VAPOH PRESSURE IN MM 

Fi<3. 5. Interrelationsliip of temperature, vapor, pressure, and volume-percentage con¬ 
centration of benzol at saturation in air, showing the wide range in "which benzol can be 
employed as a fungicide against downy mildew. 
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possible to determine with the microscope whether the funj»:us was alive or 
dead. No difference in appearance between the mycelium in leaves treated 
with benzol and that in non-treated leaves was detectable. Whether benzol 
produces a fungistatic or a fungicidal action is seemingly of little practical 
significance, since the net result is the control of the downy mildew disease. 
Protection may be complete if treatments are initiated prior to infection. 
If there is sporulation by the time of the first treatment a little flecking and 
necrosis may develop, but not enough to hinder transplanting. 

Principles Involved in the Use of Volatile Fungicides 

Studies to determine the fungicidal value of volatile materials should be 
based upon an understanding of certain physico-chemical principles, espe¬ 
cially the interdependence of temperature, vapor pressure, and volume per¬ 
centage concentration of the vapors in air. In order to make it possible to 
visualize the relation of these factors to each other in the case of benzol, and 
their bearing on the use of this chemical to control tobacco downy mildew, 
available pertinent data are presented graphically in figure 5. This curve 
shows the partial pressure of benzol in a benzol-saturated atmosphere at the 
temperature indicated. In actual field practice saturation wmdd never be 
obtained. The saturation pressures are such that fungicidal concentrations 
are possible at temperatures much lower than those that occur while seed¬ 
lings are being grown. Since fungicidal action occurs within the range 0.4 
to 0.5 volume-percentage vapor concentration, it is seen from figure 5 that 
saturation pressures of benzol vapor below - 20° C. would, in fact, be effec¬ 
tive. However, within the temperature range for growth of tobacco seed¬ 
lings effective fungicidal concentrations occur at less than 0.1 saturation. 
Temperature, therefore, is never a limiting factor in the effectiveness of 
benzol as a downy-mildew fungicide. 

It ma.y be of interest to contrast certain related volatile compounds with 
benzol. For example, naphthalene, closely related structurally to benzol, 
might be anticipated to have a very similar specific toxic action. Labora¬ 
tory and field tests, however, have shown that it does not succ.essfully con¬ 
trol tobacco downy mildew because of its inherently low volatility. Its 
vapor pressure at saturation, at 10° C., is 0.021 mm., whereas the corre¬ 
sponding value for benzol is 45.0 mm. On the other hand, if the toxic ^action 
be altered by changing the chemical structure, certain compounds with 
limited volatility may become valuable fungicides. Thus, if 2 chlorine 
atoms are introduced in the para positions into the benzene ring, both the 
volatility and the specific toxic action of the aromatic nucleus are* altered. 
Although the compound formed, paradichlorobenzene, has a saturation pres¬ 
sure of only 0.23 mm. at 10° C., nevertheless, it is an effective fumigant.* 
Its saturation pressure (0.23 mm. at 10° C.) corresponds with a volume- 
percentage concentration of 0,031 per cent, being less than one-third of the 
volume-percentage concentration of benzol that was found necessary for 

8 From our unpublished data. 



1940] 


Wolf, et al. : Volatile Fungicides 


225 


fungistatic action (13). When, however, the temperature is as low as 0° C., 
the saturation pressure of paradichlorobenzene drops to 0.089 mm. and the 
volume-percentage concentration of its vapors in air to 0.012 per cent. 
Since actual concentrations in seed beds would be far beJow saturation, the 
magnitude of the concentrations realizable at low temperatures might be so 
small as to make paradichlorobenzene an ineffective fungicide. 

The above figures were obtained from laboratory experiments on infected 
seedlings subjected to a moving air current containing a constant vapor 
concentration of the fumigant. Under these conditions, equilibrium dis¬ 
tribution of the fumigant between the vapor phase and the jilant tissues 
could be approximateil. 

Monoclilorobenzene, structurally intermediate between benzol and para- 
dichlorobenzene, has properties that are intermediate between the two com¬ 
pounds. Its vapor pressure at 10° C. is 4.9 mm., and sufficiently large con¬ 
centrations of its vapors in air are obtainable to make it an effective fungi¬ 
cide, as has been demonstrated (7). 

The mechanics of a(3tion of fumigant fungicides may be conceived to 
pro(^eed as follows: When the vapors reach the leaf surface their absorption 
seems to take place mainly by solution in the surface film of moisture, 
although stomatal openings may serve the fumigant to some extent as inlets 
to the leaf tissues. This afpieous solution of the fumigant on the leaf sur¬ 
face, if sufficiently concentrated, is lethal to both sporangia and spores. 

The widely differing results of treatment when the leaf surface is kept 
wet instead of dry during fumigation with benzol shows that solution of the 
fumigant plays an important part in determining its effectiveness. Al¬ 
though the volatile substances herein employed are commonly regarded as 
insoluble in water, their small solubility in water (benzol, 1.8 g./lOOO g. 
water at 30° C., paradichlorobenzene, 0.08 g./lOOO g. water at 30° C., inono- 
chlorobeuzene 0.525 g./lOOO g. water at 30° C/) is, nevertheless, a necessary 
condition to their fungicidal effectiveness. Naphthalene could be expected 
to be ineffective because of its very low solubility in winter and its low 
volatility. 

It seems clear that these fumigant fungicides a(*t through the medium of 
their aqueous solutions on and within the plant tissues, concentrations that 
are effective against the pathogen being lower than those that are toxic to 
the host. The ratio of distribution of the fumigant, between an aqueous 
phase and a lipoidal or waxy phase, is such as to greatly favor solubility in 
the non-aqueous phase. Transfer from the aqueous layers external to the 
cells into the lipoidal or waxy constituents of the cells occurs, even though 
the concentrations of volatile fungicide in the aqueous layers be small. As 
a result the cell constituents become profoundly modified and their permea¬ 
bility is broken down. Such a mechanism of action, to be effective, would 
require only very small amounts of the fumigant. The occurrence of such 
mode of action is indicated, as has been detailed, by plasmolysis of sporangia 

* From unpublished data obtaincMi by H. E. Vermillion, Duke University, Durham, 
North Carolina. 
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in aqueous solutions of benzol, by direct observations with the microscope, 
and by increase in conductance in host-tissue extracts. 

Solution of fumiprant in water has direct application to its effectiveness 
in seed bed treatment. The volatile substance is transferred through the air 
from its source within the bed, and dissolves in water on the plants, on the 
seed bed covers, and in the soil, thus becoming widely distributed over the 
bed area. This moisture, furthermore, acts as a fumigant-storage medium, 
since water has a greater capacity, per unit volume, than air for holding 
the substances herein under consideration. A liter of air, for example, 
saturated with benzol at 10° C. contains 0.199 g. of benzol, whereas a liter 
of water in equilibrium with benzol-saturated air will contain 1.76 g. The 
fumigant reevaporates more or less uniformly over the entire seed-bed area 
from its solution in films of water on the surfaces within the bed, thereby 
maintaining a concentration of vapor over the bed long after the liquid or 
solid fumigant in the applicators has vaporized. 

SUMMARY 

In some seasons benzol need not be applied every night in order to secure 
control of downy mildew of tobacco or to give complete protection against 
this disease. The length to which the interval between successive applica¬ 
tions can be extended with safety is probably governed by the length of the 
sporangial cycle and by modificatory effects of prevailing weatlier con¬ 
ditions. 

Cotton balls dipped into benzol constitute effective means for va]>oriza- 
tion of this compound in seed beds. 

As the result of exposure of tobacco seedlings to vapors of benzol and 
paradielilorobenzene there is an increase in permeability of the plasma 
membranes. 

Concentrations of 1/16 saturated benzol, 1/2 .saturated paradichloro- 
benzene, 1/750 saturated phenol, and 1/75 saturated aniline closely approxi¬ 
mate the minimal toxic limits that inliibit germination of sporangia of 
Peronospora fahachia. 

The principles involved in the use of volatile fungicides are briefly dis¬ 
cussed in relation to their possible mode of action and to seed bed practice. 
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OBSERVATIONS ON TWO AMBROSIA BEETLES AND 
THEIR ASSOCIATED PTTNOI^ 

J . (r . Leach, A . C , 11 o i> s o n , St. John P . Chilton, 

AND (’ . M . (! H R 1 S T E N S E N 
(Accepted for publication Nov. 18, 1939) 

INTHOmrCTION 

Tlie symbiotic association of certain Scolytid beetles with the so-called 
‘‘ambrosia’^ has been rei'ognized for nearly 100 years. There is, how¬ 
ever, very little exact information about the nature of the association or 
about the lunbrosia fungi. The beetles have been adequately described and 
classified by Hubbard (5), Swaine (15), and others, but the fungi have been 
very much neglected, llartig, in 1844, described briefly the ambrosia f ungus 
asso<*iated whh A^ylehorus (Bosfrichus) dispar (Pabr.) and named it Monilia 
Candida. Hubbard, in 1896, made an extensive study of the ambrosia beetles 
but included only casual observations on the associated fungi. He con¬ 
cluded, however, that there was more than one ambrosia fungus and that 
only the most closely related species of beetles cultivated the same one. The 
different fungi were not ailequately described or differentiated by Hubbard, 
and no one ever has undertaken a comprehensive study of them. 

During the summers of 1934, 1935, and 1936, two species of ambrosia 
beetles were very abundant on dying aspen (Popuhis trernuloidcs) and 
paper birch {Bciula papyrifera) in Itasca Park, Minnesota. Trypodendron 
hetulae 8w. infested white birch and the aspen W7is infested by T. retnsum 
Lee. The writers studied the life histories of the beetles and their associated 
fungi in natui'e, and the growth characteristics of the fUngi in pure culture 
on artificial media. The work is not so extensive as would be desired and 

1 Paper Ko. 3752 of the 8cieiitilic Journal Series, Minnesota Agricultural Experiment 
Station. Cooperative investigations of the Division of Plant Pathology and Botany and 
the Division of Entomology and Economic Zoology. 

Supported in part by a Fluid Research Grant from the Graduate School of the ITni- 
versity of Minnesota. 



Phytopathology 


[VoL. 30 


is by HO means complete; but, since the authors will not have the opportu¬ 
nity of continuing the study, the data obtained are being placed on record 
with the hope that others may be encouraged to make more extensive studies 
of this interesting group of fungi. 

AMBROSIA BEETLES AND AMBROSIA FUNGI 

Schmidberger (11), as early as 1836, observed and described the associa¬ 
tion of beetles with the so-called ‘‘ambrosia.’^ He observed that the beetle 
larvae fed upon a glistening white substance, already present in the gal¬ 
leries. Schmidberger did not understand the fungus nature of the sub¬ 
stance, interpreting it as a product of the exuding sap. He applied the 
term ambrosia’^ to it. Three years later these observations were confirmed 
by Ratzeburg (10), who suggested that the ambrosia was the product of a 
mixture of plant sap and insect spittle. The true nature of the ambrosia 
was first recognized in 1844 by Hartig (4), who described the fungus culti¬ 
vated by Xyleborus dispar and named it Monilia Candida. Although recog¬ 
nizing the ambrosia as a fungus, Hartig, believing in heterogenesis, con¬ 
cluded that it originated from the wood cells reacted upon by a substance 
secreted by the beetles. 

P^or more than 60 years after Hartig’s observations, the ambrosia fungi 
received little attention. From 1908 to 1913 Neger (6-9) and Schiieidei*- 
Orelli (12) published a series of ])apei*s dealing with the subject. These 
investigators, working chiefly with species of Xyloivrns and Xyleborus, 
described accurately the fungi associated wdth the beetles, grew some of them 
in artificial culture and attempted to explain the nature of the association. 

According to Schneider-Orelli (12), the ambrosia fungus of Xyleborus 
dispar is transmitted to successive generations in tlie form of spores in the 
crop of the female beetle, which regurgitates them to start a culture in the 
new brood tunnel. Neger (9), however, thinks the spores are passed 
through the insect ^s body and survive in viable condition in j)ellets of excre¬ 
ment. Schneider-Orelli states that spores taken dii’ectly from the tiiunels 
of Xyleborus dispar do not germinate, but if the.y are recovered from the 
crop of the female beetle they germinate readily. 

Strohmeyer (14) has described several species of ambrosia beetles from 
specimens collected in the tropics. The female beetles of some of these 
species have special chitinous hooks or brushes on the front part of the head 
in which spores and mycelium of ambrosia are always found. These struc¬ 
tures were interpreted as organs specialized for transporting the ambrosia 
fungus to new brood chambers. 

Neger (7) expressed the opinion that the ambrosia fungus associated 
with Xyleborus dispar was an Endomycete, but neither he nor Schneider- 
Orelli reached a final conclusion as "to the identity of the fungus. Trotter 
(16) recently reported the study of an ambrosia fungus associated with a 
species of Xyleborus infesting the wood of Brownea grandiceps Jacq. in 
Ceylon. He observed the ** ambrosia in material imported into Italy from 
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Ceylon and grew the fungus in hanging-drop cultures and observed its man¬ 
ner of fructifi(iation. In addition to a monilia-like growth, he observed a 
second layer of mycelium superimposed upon it. This second layer of 
mycelium formed an abundance of fusiform hyaline spores. On the basis 
of limited observations he concluded that the superimposed fungus was a 
second spore form of the first. For this supposedly pleomorphic ambrosia 
fungus he established a new genus, AmhrosiamyceSf and named the type 
species Ambrosiamyces zeyktnicus. The fungus differs widely from any 
other described ambrosia fungus. 

The true ambrosia beetles belong to the family Scolytidae. They live in 
the sapwood, and occasionally the heartwood, of trees, infesting many dif¬ 
ferent species. They are restricted mostly to weakened trees; vigorously 
growing trees or dead trees are rarely infested, although there are some 
exceptions. They bore deep into the sapwood, or even into the heartwood, 
each species making its own characteristic brood tunnels. The tunnels and 
breeding habits are of two general types. One group of genera is semi-social 
in habit, the beetles rearing their young in communal galleries, while in the 
other group ea<di larva develops in its own separate larval chamber, excavat¬ 
ing as it gi’ows. The chief food of the developing larvae of both groups is 
the ambrosia fungus. According to Hubbard (5), the fungi associated with 
the beetles of the two groups may be separated into two corresponding 
groups on the basis of type of growth and method of spore formation. 

In those genera in which the young are reared in a common gallery, the 
larvae have mouthparts that are not adapted to chewing wood and appar¬ 
ently they feed solely on the fungus. The larvae that develop in individual 
(diambers have strong mandibles and consume wood, the fungus constituting 
only a i)art of their food. Although there is little or no experimental evi¬ 
dence, it usually is assumed that the ambrosia fungi, by concentrating the 
nitrogenous elements found in wood, provide a diet more suitable than wood 
alone. 

The si)ecies of ambrosia beetles observed by the authors belong to the 
group in which the larvae are reared in individual chambers. No detailed 
descriptions of their life cycles or galleries have been published. The ass(»- 
ciated ambrosia fungi also have not been described in any detail, and there 
is no previous record of their culture on artificial media. 

Trypodendron retusum Lee. This ambrosia beetle was very prevalent 
in dying aspen (Populus iremiiloides) in Minnesota in 1934, 1935, and 1936, 
but was mucb less abundant in 1937 and 1938. It was not observed infest¬ 
ing any other species of tree. The beetles were never found infesting vigor¬ 
ous, rapidly growing trees or trees that had died the previous season. In 
nearly all (tases infestation was confined to the lower half of the tree, being 
heaviest near the base and gradually diminishing towards the top. The 
upper limits of infestation usually coincided closely with the lower limit of 
living bark cambium. Attempts to start tunnels in living bark cambium 
Usually are unsuccessful, the tunnels filling with sap and drowning the 



Phytopathology 


[VoL. 30 


beetles. Several healthy trees and infested trees were examined to deter¬ 
mine the relation of moisture content of the wood to infestation. The water 
content of healthy trees averaged 65.7 per cent. That of the infested parts 
ranged from 70 to 80 per cent, while the upper noniiifested part ranged from 
60 to 70 per cent. The moisture determinations were made in June at the 
height of infestation. Later in the summer the trees died and the water 
content decreased to 50 per cent or lower, too low to permit fresh infesta¬ 
tions. Trees with a second infestation seldom have been observed. Occa¬ 
sionally the beetles construct a second row of galleries beyond the first, but 
they have been observed only in trees with a D.B.H. of seven inches or more. 



Fio. 3. Sections of brood galleries of Trypodendron rctusum showing the larval 
cradles with the ambrosia fungus fruiting on the walls. A. A piece of aspen wood split 
through a gallery showing the vertical arrangement of the larval cradles opening off the 
main galleiy. Two larvae are shown in place. The white ambrosia fungus may be seen 
fruiting on the walls of the lower cradles. Approx, x 1. B, A closer view of the larval 
cradle showing the white masses of spores and sporophoros of the ambrosia fungus. 
The main gallery is stained dark by the dark brown vegetative mycelium of the fungus. 
Approx. x4. C. Two pupae of Ttypodendron re(vsum wdth heads toward the main gal¬ 
lery. Note the white masses of spores of the ambrosia fungus on the frass separating 
the larval cradle from the main gallery. 
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The overwintered beetles appear and become active in early spring and 
start making tunnels in the trees about the middle of May. In 1936, eggs 
were found in the galleries on May 23. Larvae in various stages of devel¬ 
opment were found throughout the month of June, pupation and transfor¬ 
mation to adults occurring in early July. In late summer or early fall the 
new brood of adults leave the trees. They left the trees somewhat earlier 
in 1936 than in 1935. It was not determined where nor how the beetles sur¬ 
vive the winter, but all available evidence indicates that they do not over¬ 
winter in the trees. 

The galleries made by Trypodendron retusiim are compound, dividing 
dichotomously once or twice in a horizontal plane. The single entrance 
tunnel extends from one-half to one-fourth inch into the wood before 
branching. The lateral tunnels follow a curved line parallel with the bark 
and usually less than one-half inch from the surface. The tunnel is exca¬ 
vated by the female, the male removing the ac<*uniulation of sawdust and 
frass. Usually 30 or more eggs are deposited in small niches at regular 
intervals along the roof and floor of the galleries, and each egg is covered 
with a small mass of sawdust and frass. The newly hatched larvae gnaw 
out (*radles extending vertically at right angles to the main gallery, enlarg¬ 
ing the cradles as they grow (Fig. 1, A). The sawdust and frass are forced 
out into the main gallery and are disposed of by the parent beetles. 

Trypodendron bctulac Sw. Paper birch (Betula papyrifera) was heav¬ 
ily infested with this species from 1934 to 1936, but fe>v wtere found in 1937 
and 1938. T. beiiilae is very similar to T. reiusunt in general appearance 
and life cycle, although there are a few minor differences in the construction 
of breeding tunnels. The tunnels of T. hetulae extend somewhat deeper into 
the tree than those of T. rcfnsnnu usually peneti’ating well into the heart- 
wood. The ambrosia, fungi associated with the two beetles also w^ere very 
similar, only minor differences between them having been obsei’ved. Dodge 
(3) reported that he had observed T, reivsnm tunneling in birch. The gal¬ 
leries were not completed, no eggs or larvae were found, but the fungus 
seemed to be able to grow satisfactorily. 

The ambrosia fungi obviously are introduced into the tunnel by the adult 
beetles and often they may be found fruiting on the walls before the first 
egg has been deposited. The pads of frass covering the eggs always are 
permeated with the mycelium of the ambrosia fungus. On culturing the 
frass, the presence of contaminating fungi and bacteria can be demonstrated, 
but the mycelium of the ambrosia fungus always predominates. The Avails 
of the larval cradles become overgroMii with the fungus shortly after the 
eggs hatch (Pig. 1, A and B). The fungus layer is consumed quickly by 
the beetle as it enlarges its cradle, but a ncAV crop of the fungus promptly 
appears. The fungus at first is glistening white, or eream colored, but the 
vegetative mycelium soon becomes darker. The hyaline, ovoid spores are 
borne in chains on short, simple sporophores arranged in a palisade layer. 
When a cross section of a larval chamber is examined under the microscope, 
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tiie spores and sporophoi’es resemble the conidial stage of the powdery mil¬ 
dews (Pig. 2). 

The mycelium penetrates the wood cells adjacent to the tunnel but rarely 
invades the wood for more than a few millimeters. The invading mycelium 
is dark-brown or black and stains the wood heavily, making the walls of the 
tunnels appear charred. The mycelium often fills almost the entire lumen 
of the cells but the walls apparently remain intact. The fungus probably 
obtains its nourishment from the cell contents and does not decay the cell 
■walls. Sporulatiou is rare in the main galleries, and, if spores are pro- 



Fig. 2. PhotoBuerograph of cross section through a larval cradle allowing the sporo- 
phores of the fungus arranged in a palisade layer on the walls of the cradle. Approx. 
X150. 


duced, they are promptly consumed or otherwise disposed of by the adult 
beetles. 

The fact that contaminating fungi are present has been mentioned. As 
long as the tunnels are inhabited by the beetles, the ambrosia fungus pre¬ 
dominates, and is not overgrown by other fungi, but if the beetles dje or 
leave the tuimels, the contaminating fungi promptly overgrow the ambrosia 
fungus, It is evident that the contaminating fungi are suppressed by the 
beetles, but the method of suppression was not determined. 

The larvae may turn around in the crhdles,'but are usually found facing 
away from the main tunnel. Immediately before pupation the larvae re¬ 
verse their positiftn and face the main gallery. The pupae occupy this posi¬ 
tion during metamorphosis, and, on maturity, the new beetle emerges by 
eating out the plug of frass that separates it from the main gallery and on 
which the fungus usually is fruiting (Pig. 1, C). The new brood of beetles 
evidently acquires the fungus in this way, because it was determined by 
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examining stained sections of the insects that none of the consumed spores 
or mycelium survive metamorphosis within the pupae. Pupae in various 
stages of development have been cultured and examined histologically, but 
the fungus has never been found within the body. It was not definitely 
determined how the fungus survives within the beetles over winter, but it 
is believed by the authors that spores of the fungus remain in the intestinal 
tract during hibernation and are voided with excrement as the beetle begins 
to bore the new brood tunnel in the spring. 

The fungi associated with the two species are very similar in appearance 



Fra. 3. A. Monilioid sporulation of the arahrosia fungus asf.ociated. with Trypo- 
dendron betnlae when first ivsolated in pure culture on agar. Many of the spoils or 
spore-like cells remained attached in chains. Only a swmll perceutago were cut on. 
Approx. x320. B. Germinating spores of the ambrosia fungus produced m artificial 
culture. Germination of spores obtained directly from the tunnels was very erratic. 
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and have no characters that would justify considering them as distinct 
species. There was considerable variation in size of the individual spores 
in the tunnels but the diifereiices were not consistent enough to be signifi¬ 
cant. On germination, the spores send out a simple germ tube, but germi¬ 
nation was very erratic, those of the fungus asswiated with Trypodendron 
betulae germinating more freely than those associated with T. reinsum (Fig. 
3, B). Only minor differences were obsen'ed between cultures of the fungi 
on artificial media. The mycelium was at first hyaline but became brown 
with age and the medium was disc^olored by a diffusible brown stain. A 
dark brown liquid often was exuded from the mycelium and collected in 
drops on the surface of the colony. Most of the studies in artificial culture 
were made with the fungus obtained from the tunnel of T. betulae because 
of the relative ease with which pure cultures could be obtained. 

When first grown in pure culture, the fungi sporulated very poorly, form¬ 
ing only imperfect monilioid spores that tended to remain attached and to 
bud in situ. All gradations between distinct spores and short roundish 
vegetative cells were observed (Pig. 3, A). After repeated subculturing, 
variants that sporulated freely arose as white patches or sectors on colonies 
grown on agar in Petri dishes. When the patches or sectors were subcul¬ 
tured, cultures that sporulated abundantly and consistently were obtained, 
although there was considerable variation in the general appearance of the 
colonies formed by different sectors (Pig. 4). The spores formed by the 



Fio. 4. Five different growth types of the ambrosia fungus associated with Trypo¬ 
dendron heMae derived from sectors obtained after repeated subculturing. The white 
growth eonsists chiefly of sporophores that produce normal subspherieal hyaline spores 
in abundance. 
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variants were hyaline, with thin walls, and appeared white in mass. They 
were ovoid to round, tending to be more nearly spherical than the spores 
produced within the insect tunnels in nature. They ranged from 6 to 17 p 
in length and from 6 to 14 p in width with average dimensions of 11.38 p 
by 10.09 p. The growth of the sporophores was indeterminate and the spores 
were cut off basipetally. 

The rate of growth of the fungus on Petri dishes of potato-dextrose agar 
was determined at the following temperatures: 5, 10, 15, 20, 25, 27.5, 30, and 
36 degrees C. The minimum temiierature for growth was about 10® C., the 
optimum from 25 to 27.5® C., and the maximum between 30 and 36® C. The 
fungus grew very well at temperatures between 15 and 30® C. 

No sexual reproduction of the fungus was observed in nature or in pure 
culture, and, obviously, it must be classified among the imperfect fungi. 
Some difficulty and uncertainty are faced in referring the fungus to a genus 
and species. It is clearly not the same fungus described by Trotter (16) 
as Ambro.siamyces zelanieus and, in so far as the writers have been able to 
learn, the only other name apjdied to an ambrosia fungus is that applied 
by Hartig to the fungus associated with Xyleborus dispar, namely Monilia 
Candida. Although Hartig’s description of Monilia Candida is not very 
extensive, the same fungus has been well des(*ribed Schueider-Orelli. 
There is enough similarity between the fungus associated with X. dispar 
and the one under consideration to justify placing them in the same genus, 
but they are probably six^cifically different. The jiroblem is complicated 
still fiu’ther by the confusion that has surrounded tlie genus Monilia^ and 
especially the binomial Monilia Candida. 

Monilia was first used as a generic name by Gmelin in 1791, but was rede¬ 
fined by Persoon in 1801. PersooiPs destu-iptioli of tlie genus is given by 
Stevens (13) as follows: ‘*Hyphae erect, branched, forming a dense mycelial 
felt, which produces numerous coiiidiophores, conidia catenulate, hyaline or 
light-colored, ovate or lemon shaped.” Castellani (2) has referred to the 
genus Monilia a number of human pathogens having quite different charac¬ 
ters. One of these was termed Monilia Candida, apparently without kno'Wl- 
edge of Hartig’s prior use of the binomial. Berkhout (1) made a study of 
the genera Monilia, Oidinm, Oospora, and Tornla and redefined them. The 
Monilia Candida of Castellani was raised to generic rank and given the name 
Candida but unfortunately the Monilia Candida of Hartig was overlooked 
or disregarded. 

The ambrosia fungi associated with Trypodendron betnlae and Trypo- 
dendron rctnmm apparently fall within the genus Monilia as defined by 
Persoon but they do not seem to be identical with Monilia Candida Hiirtig, 
However, it is considered unwise to apply a new name to th^iri until a rela¬ 
tively large number of the ambrosia fungi have been studied more thor¬ 
oughly, Pending further studies they may be considered as strains of 
Monilia Candida Hartig. 
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SUMMARY 

Two ambrosia beetles {Trypodendron retusum Sw. and T. hetulae Lec,)> 
affecting aspen and birch, respectively, and their associated ambrosia fungi, 
were studied and described. The two fungi that were grown in pure cul¬ 
ture are considered to be very closely related strains of one species. This 
species probably is not identical with any previously named fungus but, 
because of the lack of any extensive study of the ambrosia fungi associated 
with other ambrosia beetles, it -was not designated as a new species. 
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OVULINIA, A NEW GENERIC SEGREGATE FROM 
SCLEROTINIA 

Fseeman Weiss 
(A ccepted for pubiicatiou Nov. 20, ]939) 

In two preliminary reports (5, 6) and in an article now in press,^ a 
destructive disease is described that affects the flowers of cultivated azaleas 
in the southeastern and southern United States, and the life history of the 
pathogen, a hitherto undescribed fungus of the Sclerotinia type, is outlined. 
The purpose of the present paper is to present a technical description of 
the fungus. 

1 A flower spot disease of cultivated azaleas. IT, S. Dept. Agriculture Circ. 566, 
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The life cycle includes the following structures or stages: (1) apothecia, 
the ascospores of which initiate the prunary flower infections; (2) conidia, 
which are produced on blighted flowers and infect other flowers, giving rise 
to successive flower infections and eonidial generations throughout the 
period of azalea bloom; (3) microconidia (spermatia), which are produced 
on infected flowers in the late stages of their collapse, and coincidentally 
with (4) sclerotia, which are formed in the petal tissue following its com¬ 
plete invasion. The sclerotia may form in infected flowers subsequent to 
their abscission, or in flowers that collapse and persist on the branches. Ulti¬ 
mately, they reach the ground, where, lightly covered with soil or remaining 
on the surface, they give rise to apothecia at the beginning of the host 
blooming period in the following, or some subsequent, year. 

The flower lesions residting from infection by ascospores are similar to 
those described {loc, cii,, p. 236) as resulting from eonidial infection, but 
their development in nature is typically less rapid, attributable probably 
to the lower optimum thermal range for ascospore infection (10 to 14® C.) 
as compared with eonidial infection (15 to 20® C.). The ascospores germi¬ 
nate typically with 1, sometimes 2, j^olar germ tubes. Penetration of the 
cuticle of the azalea petal by the germ tubes is preceded by blanching of the 
petal color in a minute halo about the point of entrance and causes con¬ 
spicuous tearing of the cuticle, indicative of forceful entrance (Fig. 3, D). 
Tlie mycelium grows rapidly between the cells, causing rapid loss of coher¬ 
ence. The hy})hae branch extensively, and the main strands attain a diame¬ 
ter of 8 to 12 |j. They are distantly septate (100 to 250 g) and densely 
protoplasmic in the juvenile portions. Ultimately the host cells become 
prevailingly free and suffer loss of color and structure, while the fungus 
permeates the fluid matrix derived from their disorganization. The petal 
tissue may retain a semblance of structure, chiefly through the support of 
the mycelium by the vascular elements and the cuticle, but when one pinches 
an infected })etal lightly between the fingers, the tissue collapses and exudes 
sap. The expaiLsion of a single lesion may l>e limited to 1 petal, but mul¬ 
tiple infections typically result in invasion and collapse of the entire corolla. 

(/onidial production then begins, predominantly in the thin and delicate 
limbs of the corolla, and only to a limited extent in the corolla tube. Numer¬ 
ous short branches arise on the h>q)liae that complete the invasion of the host 
tissues; these become bifurcate and ultimately Y- or T-shape (Fig. 2, A, 1 
and 4). The free ends enlarge, becoming globose or ovoid, and a septum 
forms across the branch just below the enlargement (Fig, 2, A, 2). A 
second septum then divides the apical portion into a small basal cell and a 
large conidium (Fig. 2, A, 3). The latter enlarges to its mature dimensions, 
while the basal cell ceases to grow and ultimately serves only as a disjunctor 
(Pig. 2, A, 3 and 4). By growth of the conidium and by extension of the 
branch that bears it, the conidia penetrate the cuticle, which becomes tom 
and shredded (Pig. 2, B). As the spore-bearing branches are produced in 
close proximity over the entire surface of the lesion, a mat or palisade o£ 
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conidia is formed on the surface of the petal (Pi^. 1, B). They have been 
observed to number as many as 225 sj^ores per sq. mm. of petal surface. 
Conidial produ(?tion predominates on the upper (inner) surface of the petal, 
but may occur on the outer surface also, or anywhere on the corolla. Only 
1 coiiidium is borne by each branch. Once the conidia are free above the 
surface of the petal, they are very readily detached from the conidiophores, 
bearing the disjunctor cell with them, so that the.y normally appear very 
unequally bicellular. As the disjunctor cell is empty, and often ruptures 
at or following abscission, the conidia are properly regarded as unicellular 
with a basal appendage. 



Pig. ]. A. Apothccia of Ovulmia asaleae emerging from selcrotia buried in sand. 
>r2. B. Portion of azalea petal showing layer of conidia on or just above its sur¬ 
face, originating from subcuticular mycelium, x 5. C. Sclerotia, showing cupulate 
form, smooth inner surface and verrucosc outer surface, x 5. T). Apothecia, sliowing 
occasional multiple stip(»8. x 2. 

The conidia are ellipsoid to ovoid or obovoid, with the base and apex 
equally convergent, or either may be larger and the other smaller (Pig. 3, 
C, d). Sometimes (apparently associated with abnormally moist condi¬ 
tions) the conidia become greatly elongated, with a broadly clavate or pyri¬ 
form shape (Pig. 3, C, 2). The conidia germinate promptly upon contact 
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with water, usually with 1 grerm tube opposite the basal cell, but often with 
multiple germ tubes from lateral positions. They often germinate in place 
in such numbers as to produce a macroscopically visible weft (Fig. 2, C). 
When kept dry, they may remain viable for 4 to 6 weeks at temperatures 
prevailing in nature during the period of the disease, and 8 to 12 months 
(rarely over 1 year) in artificial storage at 5 to 10° C. Their viability is not 
destroyed by severe freezing (-18° C.) under these conditions. 

The so-called microconidia, actually spermatia (7) are produced in chains 
from cushions of short, fusoid hyphae (spermatiophores), the whole con¬ 
stituting a spermadochium, on the surface of the blighted flower (Fig. 3, 
B, 2). They are formed contemporaneously with the sclerotia. 

The sclerotia first appear as blister-like swellings within the collapsed 
flower tissue; they are typically more numerous and larger in the thick tubu¬ 
lar portion of the corolla. They are at first translucent and gradually 
darken and become black; they vary in shape from disciform to irregular, 
sometimes consisting of 2 or more portions joined by a narrow isthmus, and 
arc distinctly cupped (F’ig. 1, C). Tlie convex side corresponds to the outer 
surface of the corolla. The (‘oncave .side is smooth, and the convex side ver- 
riK'ose to rugose. From 1 to 20, commonly 2 to 5, sclerotia develop in a 
single flower. There is a distinct cortex and a medulla. The sclerotia are 
formed within the host tissue but are separate therefrom and appear to con¬ 
tain only fungus elements. 

During the final stages of development of the sclerotia, they exude drops 
of a clear amber fluid. Minute spines are pre.sent on the margin of the 
sclerotium and distributed over the convex surface. One might suppose 
that the spines are i’ecej)tive organs, the spermatia the male elements in a 
sexual cy(‘le, and that the drops of fluid serve some purpose in promoting 
the fusion of the two, but no definite evidence of this nature has been ob¬ 
tained, Neither is it known whether the fungus is heterothallie, as definitely 
moiiosporous ascospore infections have not been obtained. However, mono- 
coiiidial infections may give rise to both sclerotia and spermatia. 

The sclerotia may produce apotheeia after storage on slightly moistened 
peat and sand for 9 to 10 montlis or may remain dormant for 1 to 2 years 
and then give rise to normal apotheeia. The temperature and other require¬ 
ments for apothecial production have not been precisely ascertained, but 
there has been no consistent difference resulting from storage of the sclerotia 
at different temperatures between 5 and 18° C., though the actual produc¬ 
tion of apotheeia has not occurred until the temperature was raised to 10-14 
degrees. Freezing the mature, dry sclerotia (-18° C.) for several months 
did not destroy their vitality. 

The fungus grows slowly on artificial media. On agar + sugar media it 
showed a preference for dextrose and a reaction approximating pH 6; but, 
on these substrates, it produces only a tough mat of grayish-white to buff 
mycelium, occasionally with sclerotium-like knots, which have not been in¬ 
duced to develop further. On vegetable media, such as steamed wheat or 
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barley, and on bean plugs, it produces sclerotia of more typical form and 
spermatia in abundance. These sclerotia have even borne spines similar to 
those formed in nature, but they have not yet been induced to produce apo« 
thecia. Conidial production has not been obtained in artificial cultures, but 
only on flowers following inoculation with ascospores, conidia, or mycelium. 

DISCUSSION 

The characteristics of the selerotium and the apothecium obviously relate 
the fungus to Sclerotinia. In pathogenesis also it shows a marked similarity 
to the Vaccinium-infectiiig Sclerotmia spp. described by Woronin (8), 
Woronin and Nawasehin (9), and Fischer (1). None of tliese species is 
reported on azaleas, however, and they are described as developing only in 
the ovary (berry or capsule, depending on the host species) of infected 
flowers. Their conidial stages are all of the Monilia type. 

In manner of conidium production the azalea fungus differs from any 
form as yet connected with Sclerofmia (4). Honey (2, 3) listed the macro- 
conidial stages of Sclerotmia as belonging to the following types; 

1. Macroconidia in chains 

a. Disjunctors present 

b. Disjunctors absent 

2. Botrytis-like 

3. Penicill ium-like 

His genus Monilinia (2) was erected to include the si>ecies of Sclerotinia 
having macroconidia in chains. The only additional genus sin(*e segregated 
from the Ciborioideae (subfamily including Ciboria and Sclerotinia) is 
Whetzers Septotinia (7), which differs widely from any of the above in its 
septate conidia and branched conidiophores. 

There being no generic type in this grouping that produces conidia singly 
on simple conidiophores, the writer, following the lead of Honey and of 
Whetzel, proposes the erection of a new genus, for which Whetzel has sug¬ 
gested the name Ovidinia, with the type species 0. azaleae. 

It may be noted here that a fungus referable to Boiryiis drierea very 
commonly occurs on aziilea flowers that have been damaged by abrasion, 
frost, or beating rain. It forms sclerotia not only in the petal tissue, simi¬ 
larly to Ovulinia, but also in the calyx, capsule, filaments, and style, where 
the sclerotia of Ovulinia have not been found. The globose or thick sclerotia 
of Botrytis are readily distinguishable from those of Ovulinia, which are 
always flat or eupulate. The writer also has collected an apothecium Of the 
Ciboria type, arising from a pseudoselerotium formed within the anthers of 
cultivated azaleas, which had overwintered on the ground. Tiiis apothecium 
differs distinctly in macroscopic and microscopic characters from the apo¬ 
thecium of Ovulinia azaleae and a separate description wdll be given. 

OVULINIA^ N. GEN. 

Apotliecia Bclerotiniae sirailis, e sclerotiis orieutia; asci tenues, cylindrici, inoper- 
culati; ascosporae 8, ellipsoideae, unicellulares, hynlinea, uniseriatae/paraphysos pie- 
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rumque siinplices, teretes, apicibus inflatae; conidia magna, obovoidea, luiieollularia, 
appendicula basali praedita, hyaliiiia, solitaria ex apicibus ramulorum brcvium sim- 
pliciiim nataj sporinatia (microccmidia) minuta, globosa, in caienulas in hypliis brevilnis 
fiisoideis eaesi)ites formantibus nata; sclerotia disciformia vel irregularia, tenuia, Icniter 
cupulata, nigra. 

Apotliccia of the SeJerotinia type, arising singly or in groups from sclerotia. Asci 
slender, cylindrical, inoperculate; ascosporos ellipsoid, 1-celled, hyaline, typically 8 in 1 
series; paraphyses mostly simple, terete, tips swollen. 

(Jonidia large, obovoid, 3-celled, with a bavsal appendage consisting of a sterile dis- 
jun<*tor cell, hyaline, produced singly at the tips of short, simple branches from a para¬ 
sitic mycelium within, and forming a mat on the surface of the host organ. 

Spermatia (microconidia) minute, globose, i)roduced in chains on short fusoid 
hyphae forming tufts (spermadochia) on the surface of the host, accompanying the 
formation of sclerotia. 

Sclerotia disciform to irregular, thin, shallowdy cupulate, black, formed within but 
discrete from the host tissues. 


OVULINIA AZALEAE*-^ 

Apotheeiis soHtariis vel 2-3-caes])itosis ex quoque sclerotio, stipitatibus, urcoolatis 
vel cyathiformibus, dein applaiiatis, 2 .5 mm. latis, fulvo-olivaceis usque bnmneis, mar- 
gine scabroso, granuloso vel hirsute; stipitc 2-3 mm. (iuterdum 35-18 mm.) loiigo, 
1-1.5 mm. crasso, recto vel leniter curvato, ad basim argillacco, apicem versus einna- 
momeo, fere glabro; hymeuio brunneo, pruinoso; ascis cylindricis, 140-260 p, longis, 
0-14 p crassis; ascosporis 8, uniseriatis, ellqisoideis, unicellularibus, 10-18 x 8.5-30 p, 
hyaliuis, 1 3-guttulatis; para]>liysibus teretibus, septatis, pleriimque non ramosis, apice 
leniter inflatis; conidiis obovoideis, hyalinis, appendicula basali inclusa 40-60 y 21-36 p, 
solitariis ex apicibus ramorum ])re\ium simplicium natis, de coiiidiophoris e cellula dis¬ 
junct ori coiiidio afiixa mauereuti sesparantibus; spermatiis globosis, 3.0-3.5 p diam., 
apieibus hypharum fusoidearum 10-32 p longarum, 3p crassarum, in caespites aggre- 
gatarum orieutibus; sclerotiis disciformibus vel irregularibus, cupulatis, nigris, 2-5 X 
3-10x0.5-1.5 mm. Parasitica in lloribus Bhododendri spp. e Carolina superiore usque 
Texas, U. S. A., etiam florcs Bhododendri, Kalmiae, et Vaecinii spp. artificiose inficiens. 

Apothecia arising singly or in groups of 2 to 3 (rarely iq) to 8) from the margin of 
a scU^rotium (J?Tg. 1, A, 1)), lying on or shallowly covered with soil, in late winter and 
early spring, stipitate, urceolate to eyathiforni, flat at maturity, 2-5 mm. broad, tawny 
olive to snuff brow’ii, margin scaly, granulose or hirsute; stipe typically 2-3 mm. long, 
1—1.5 mm. thick, erect or slightly curved, but sometimes sinuous, filiform, and up to 
35-18 mill, long, clay-color (B) at the base, darkening to cinnamon at the top, glabrous, 
rarely with 3 or a few rhizoids; hymeiiial surface russet to w^iluut browrn, somewhat 
pruiuosc. Asci cylindrical, 140-260 p (average 180 p) long by 9-14 p (average 12 p) 
thick; apical plug not staining blue with iodine (f'ig, 3, A). "Ascospores 8, uniseriate, 
ellipsoid, 1-celled, 10-18 x 8.5-10 p (average 16.3 x 9.3 p), hyaline, usually >vith 1-3 
prominent globules (Fig. 3, 11, 1). J'araphyses terete, septate, mostly unbraiiched, 
apices slightly swollen. 

(\)uidia typically obovoid, hyaline, 40-60 x 23-36 p (average 50x28) including the 
basal a])pendage; w'hen formed under high humidity becoming clavate to pyriform, up 
to 72 p long; pn^duced singly on short simple branches protruding from the host sur¬ 
face and arising from a parasitic mycelium underneath; sejiarating from the conidio- 
pliores by means of a disjunctor cell wdiich remains attached to the conidium (Fig. 2, A; 
3, This stage forms a thin mat or weft on the surface of the host organ and the 
conidia arc pronqitly disseminated therefrom by insects and meteoric water or germinate 
ill i>lace. 

Spermatia globose, 3.0-3.5 p in diameter, produced at the tips of fusoid hyphae, 
10-12 X 3 p, which are aggregated into minute tufts (just visible by a 10 x lens) on the 
host surface (Fig, 3, B, 2); usually separating readily but sometimes adhering in short 
chains; appearing coincidently with sclerotia. 

Sclerotia formed within invaded host tissues but separable thereform when mature; 
typically of circular to elliptical outline, often irregular, distinctly cupped, smooth on 
the concave surface, verrucose to rugose on the convex (Fig. 1, C); 2-5 x 3-10 x 0.5-1.5 
mm.; cortex and medulla differentiated structurally but at maturity black throughout. 

Growing readily on 2 per cent i>otato-dextrose agar at pH 6.0 when recently iso¬ 
lated, forming a coarse, tough, mat-liko mycelium, grayish white to pale fawn in color, 
becoming stromatoid and dark in color wdth age and tending to be short-lived. On 
vegetable media (liean pods, barley or wheat kernels) sclerotia and spermatia are also 
formed, but no macroconidia. Optimum temperature for growth 18 to 22® 0, 

2 J am indebted to Miss Edith K. Cash for the preparation of the Latin diagnosis. 
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The ascospores and conidia infect flowei’s of cultivated azaleas and 
rhododendrons {Rhododendron mucronaUim^ R, ptdchrum, R, simsii, R, 
obtusnm, and iJ. catawbiense) causing a destructive flower blight in the 
southern and southeastern United States from North Carolina to Texas; 
pathogenic experimentally to a wider host range, including the flowers of 
native azaleas of the eastern United States, Kalmia and Vaccininm. 

Herbarium material: The type specimens are deposited in the Myco- 
logical Collections of the Bureau of Plant Industry, United States Depart¬ 
ment of Agriculture, at Washington, D. C., under Nos. 71105-71108. 
Duplicate material is deposited in the Plant Pathology Herbarium at Cor¬ 
nell University, Ithaca, New York. 

Division of Mycology and Disease Survey. 

U. S. Bureau of Plant Industry, 

Washington, D. C. 
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INVASION 01" SWEET-CORN PLANTS OP DIFFERENT AGES 
BY STRAINS OP PHYTOMONAS STEWARTI 

Qeorge L. McNeiv 
(A ccepted for publicdtion October 16, 1939) 

The sweet-corn wilt bacterium, PhyUmonas sUwarti (E. F. S.) Bergey 
et al., is usually more destructive on young seedlings than on older plants. 
It produces large leaf lesions, causes diffuse wilting, and usually kills the 
seedlings, as described by IvanolE (2). Older plants may be extensively 
invaded but are less severely injured. Seedlings are very susceptible, but 
some of those that are not killed outright recover, continue growth, and 
become sufficiently resistant with age to produce mature plants, as observed 
by Wellhausen (9). This observation suggests that either the morphology 
or physiolc^ of maize changes sufficiently to alter the host-parasite rela¬ 
tionship as the plant grows beyond the seedling stage, or the bacteria are 
modified in old plants. 



1940 J McNew: Phytomonas stewarti op Sweet Coen 245 

It was considered of interest to test the virulence of several strains of 
Phytomonas stewarti for plants of different af?es. The strains selected for 
these studies were B-11, the single-colony isolates obtained from it and num¬ 
bered B-1011, B-1211, and B-1111, and several single-colony isolates ob¬ 
tained from strain B-1111. The origin, virulence for young seedlings, and 
physiological characteristics of B~ll, B~1011, B-1211, and B-1111 have been 


TABLE 1.— Invafim'ncss of 10 sirninn of Phytomonas sieivarti in sweet-corn plants 
inocvlnied at different ages 





First test 



Second tost 



Strain 

tostod 


(Condition of leaves 




c 

Age of te 
plants 

Total no. 

No. dead 

No. of 
lesions 

Infection 

index 

Total no. 

No. dead 

No. of 
lesions 

Infection 

index 

Average i 
tioii iiidoj 
in 2 tests 


Days 

7 

59 

5 

41 

.95 

5,5 

8 

34 

1.42 

3.18 


14 

70 

1 

66 

.99 

71 

5 

60 

3.06 

1.02 


19 

83 

0 

72 

.87 

86 

0 

88 

1.02 

.95 


24 

110 

0 

118 

1.07 

103 

0 

83 

.81 

.94 

H-11 

7 

59 

6 

41 

1.00 

61 

o 

46 

.85 

.93 


14 

(>8 

1 

58 

.90 

67 

o 

61 

1.00 

.95 


19 

84 

0 

72 

.86 

85 

0 

70 

.82 

.84 


24 

101 

0 

93 

.92 

99 

0 

95 

.96 

.94 

n-lLUl 

7 

02 

0 

0 

.00 

64 

0 

1 

.01 

.01 


14 

76 

0 

4 

.05 

75 

0 

7 

.09 

.07 


19 

88 

0 

12 

.14 

86 

0 

16 

.19 

.16 


24 

105 

0 

29 

.28 

98 

0 

39 

.20 

.24 


i 

00 

0 

2 

.03 

60 

0 

4 

.07 

.05 

14 

75 

0 

7 

.09 

72 

0 

9 

.12 

.11 


19 

83 

0 

31 

.37 

85 

0 

30 

.35 

.36 


24 

103 

0 

28 

.27 

103 

0 

87 

.85 

.56 

H-1111-8 

7 

65 

0 

0 

.00 

61 

0 

2 

.03 

.02 

14 

72 

0 

5 

.07 

77 

0 

4 

.05 

.06 


19 

85 

0 

10 

.12 

89 

0 

15 

.17 

.14 


24 

96 

0 

47 

.49 

103 

0 

50 

.49 

.49 

B-nil-ll 

7 

66 

0 

1 

.01 

63 

0 

5 

.08 

.05 


14 

75 

0 

6 

.08 

72 

0 

7 

.30 

.09 


19 

84 

0 

18 

.21 

85 

u 

16 

.19 

.20 

I 

24 

103 

0 

35 

.34 

98 

0 

33 

.36 

.35 

B-U31-3 

7 

65 

1 t) 

7 

' .11 

i 63 

0 

1 

.01 

.06 


14 ] 

76 

' 0 

34 

.38 

! 75 

0 

O 

.03 

.11 


19 

86 

0 

17 

.20 

1 82 ' 

0 

13 

.16 ; 

.18 

i 

24 

101 

0 

45 

.45 

97 

i 0 

25 

.26 ! 

.35 

B-1111-5 

7 

63 

0 

5 

,08 

58 

* 0 

6 


.09 


14 

73 

0 

14 

,19 

73 

0 

6 

.08 

.14 


19 

86 

0 

16 

.19 

87 

0 

17 

.20 

.19 


24 

100 1 

0 

18 

.18 1 

99 

0 

13 

.13 

,15 

B-lin-6 

7 1 

62 

0 

13 

,21 

65 

0 

9 

.14 i 

.17 


14 1 

71 

0 i 

18 

.25 

72 

0 

9 

.12 

.19 


19 

S3 

0 

10 I 

.12 

85 

0 

21 

.25 

.19 


24 

107 

0 ; 

58 

,54 

100 

0 

36 

i .36 

.45 

B-1111-14 

7 

60 

0 

39 

.65 

52 

1 

' 27 

.58 

.62 

14 

74 

0 

35 

.47 

71 

0 

29 

.41 

.44 


19 

85 

o' 

39 

.46 

: 87 

0 

63 

.61 

.53 


24 

103 

0 

28 

.27 

95 

0 

34 

.36 

.31 
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described elsewhere (5, 6). The single-colony isolates obtained from B-llll 
were similar to the parent culture except for differences in virulence. At 
the time the present tests for virulence were made, strains B-11 and B-1011 
were capable of using inorganic nitrogen very readily; B-llll~14 used it 
sparingly, and the remaining cultures used it with difficulty, if at all. In 
other words, the weakly virulent cultures employed in these tests differed 
from the virulent ones in that they required organic nitrogen for their 
growth. 

A nutrient-dextrose broth subculture of each strain was inoculated into 
7-, 14-, 19-, and 24-day-old sweet-corn plants of the variety Golden Bantam. 
Duplicate groups of 10 plants each in the 4 age groups were inoculated with 
each strain. Each plant was injected at the crown and at 2 points along 
the leaf whorl. The plants were observed for infe(dion 13 days after inocu¬ 
lation and records were taken for the calculation of an infection index based 
upon the average number of necrotic lesions produced per leaf (5). The 
data obtained and presented in table 1 show that, although there were some 
minor variations, the duplicate tests agreed very closely. 

The highly virulent strain B-1011 was very invasive on plants of all age 
groups. Although the averaged data for the 2 tests show that the culture 
produced fewer lesions on the older plants, the differences are not statisti¬ 
cally significant. The virulent strain B-11 and moderate^' virulent 
B-lin-14 gave similar results. On the other hand, the weakly vinilent 



Pig. 1 . Average number of necrotic lesions produced by different strains of Fhyto- 
monas stewarti on leaves of sweet-corn plants of different ages. Tliere was a tendency 
for strain B-IOIX to produce fewer lesions on tbe loaves of older plants oven though it 
did cause a general wilting. The strains that were almost avinilent for young seedlings 
caused distinct lesions in plants over 15 days old. 
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strains were, without exception, more invasive in the 2 older groups of 
plants. They produced necrotic and chlorotic streaks on leaves of the 19- 
and 24-day-old plants, even though they usually failed to cause visible lesions 
on 7-day plants. The lesions produced ordinarily were not so large as those 
caused by the more virulent strains, and, consequently, the plants were not 
so severely injured. 

A repetition of this test using B-1111-14, B-llll-ll, B-1111-6, 
B~llll-3, B-1111, B*~1211, B-1011, and B~ll on 9-, 15-, 21-, 31-, and 57- 
day-old plants gave coiui)arable results. The data obtained on B-1011, 
B~1211, B~llll, B~llll~6, and B-1111-11 are presented graphically in 
figure 1. The weakly virulent straiiLs produ(*ed more lesions on the older 
plants than on the younger ones. The data on the 57-day-ol(l group are not 
presented in figure 1 because these plants, which were in tassel at the time 
of inoculation, did not show distinct lesions. However, the plants were in¬ 
vaded extensively by both the weakly virulent and highly virulent strains 
and showed considerable general wilting. The most severely invaded leaves 
from representative plants of the 9-, 21-, and 31-day-old groups are illus¬ 
trated in figure 2. 



Pio. 2. Leaves from sweet-corn plants inoculated with strain B-1211 when ihe 
plants were 9 (A), 21 (B), and 31 (C) days old and with B-3011 when they were 21 (L) 
and 31 (E) days old. Each leaf was the most severely invaded one from a typical plant 
in each age group. (Photograph by J. A, Oarlile.) 
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In order to determine whether the virulence of the strains was changed 
by incubation in the host, bacteria were recovered from leaf lesions and 
stems of several plants in each age group and tested for virulence on 10- 
day-old seedlings. The data obtained confirmed those reported previously 
(6) and may be summarized as follows. Cultures B-11 and B~1011 were 
not definitely affected but some of the isolates from plants inoculated with 
B-llll~14 were more virulent than the strain injected. Isolates obtained 
from the necrotic lesions on 19- and 24-day-old plants inoculated with strains 
B-1111 and B-1211 were not appreciably more virulent than the parent 
cultures. However, virulent isolates were observed in 1 of the 6 groups 
tested. Some of the bacteria recovered from the stems of 24-day-old plants 
severely invaded by B-1111 were almost as virulent as B~ll. These viru¬ 
lent derivatives from B-1111 were found to be capable of utilizing inorganic 
nitrogen when transferred to the synthetic medium used for such tests (6). 

DISCUSSION 

The data presented in this paper show that the relationship of host and 
parasite changes as sweet-corn plants grow older. The highly virulent 
strains produce no more lesions on old plants than on young ones, but the 
weakly virulent strains become distinctly more invasive as the plant grows 
beyond the seedling stage. The obvious conclusion is that there is some 
change in the host’s physiology that affects the weak strains’ ability to mul¬ 
tiply. The nature of this chaaige is not immediately obvious, but, as men¬ 
tioned before, it may be assumed that the change affected either the host’s 
susceptibility or the bacteria’s virulence. The latter possibility can be dis¬ 
missed because weakly virulent strains were recovered from the lesions they 
had produced. The fact that only weakly virulent strains were isolated 
from some plants argues against the idea that the bacteria had been changed 
before they invaded. The virulent isolates obtained from some plants iiuxm- 
lated with weakly virulent strains apparently developed at random in the 
host, just as they do in cultures (6) of the weakly virulent strains. 

There is no direct evidence of a change in the growing plant that would 
permit B-1211 and B-1111 to become invasive as the plant ages. Since it 
has been shown (6) that the impotency of these strains is caused by their 
inability to grow on inorganic nitrogen, a logical assumption to explain the 
observations reported above would be that organic nitrogen appears in the 
tracheal tubes as the plant passes from the seedling to the independent stage. 
There is not enough known about translocation of organic nitrogen in maize 
to verify this assumption. It has been shown that practically all ^f the 
reserve proteins in the seed are converted into soluble compounds (3) and 
are transported to the growing tips of the plumule and root (7, 8), where 
they accumulate as asparagine or combined proteins (7) within the first 
week after the seed begins to germinate. Protein nitrogen from the seed, 
therefore, does not enter into the present discussion because the period of 
infection was 2 to 4 weeks after germination. Any organic nitrogen that 
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reaches the xylem during this later period must be synthesized by the plant 
from carbohydrates and inorganic nitrogen. Such a synthesis might very 
well be delayed until after the second week of growth when the plant had 
produced sufficient leaf area to manufacture carbohydrates. If so, the 
change in host metabolism must have occurred at the same time the host 
became more susceptible to strains such as B-1211. The organic nitrogen 
produced by the growing plant may have passed from the phloem into the 
adjacent xylem tissue. At least carbohydrates reach the xylem in sufficient 
quantity to support bacterial growth. It is also known that organic nitrogen 
oc<*urs in the tracheal sap of other plants (1, 4). 

SUMMARY 

Virulent strains of Phytomonas stewarti were as invasive on young sweet- 
corn seedlings as on more mature plants. Weakly virulent strains, on the 
other hand, wvre much more invasive on plants that were over 14 days old 
than on younger plants. Since these weakly virulent strains were obligate 
users of orgaJiic nitrogen, the hypothesis is advanced that organic nitrog¬ 
enous compounds appear in the tracheal tubes after the plant has become 
established and has started synthesizing its own organic materials. 

From the Department op Animal and Plant Pathology op 
The Rockefeller Institute for Medical Research, 

Princeton, New Jersey. 
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PREVALENCE OF CUCUMBER AND TULIP VIRUSES IN LILIES 


Philip Brierley 
(Accepted for publication Nov. 15,1S>39) 

Until recently, lily mosaic was believed to be caused by a single virus, 
peculiar to lily and of very limited host range. In 1937, McWhorter (3) 
demonstrated that a virus of the tulip group occurs commonly in symptom¬ 
less lilies of certain species, and Price (5) isolated a strain of Cucumis 
Virus I from Easter lily (Lilium lonffiftorum Thunb.) showing typical 
hecrotic fleck symptoms. The writer (1, 2) has iiresented evidence that the 
viruses described by McWhorter and by Price are distinct, and that viruses 
of both these classes can be recovered from the typical necrotic fleck type (Pig. 
1, B) in Easter lily. However, the strong mottle in Easter lily (Pig. 1, A) 
has yielded only a tulip virus. In commercial forcing of Easter lilies only 
fleck sjmiptoms are commonly interpreted as mosaic, since plants carrying 
strong mottle, or carrying only McWhorter’s latent virus, are satisfactory 
for forcing. 

McWhorter demonstrated the existence of his latent virus of lily by 
inoculating the juice of lilies into healthy tulips by hypodermic needle. We 
have compawd this tulip test witli that of rubbing young leaves of Lilium 
formosanum Stapf. Parallel trials of 23 individual Easter lily plants by 
these two methods are compared in table 1. Symptoms in L. formosanum 


TABLE 1,—Comparatirr resnlts of inoculating Clara BuH tulips and Lilium formo* 
sanum seedlings as index plants for fuUp virus in Easier lilies 


Source plant 

Results of inoculating 

Number 

De 8 Crii)tion 

Symptoms 

Tulips 

L, formosanum 

Cl 37-1 

Creole 

None 

>4/6 

*4/4 

C 3 37--1 

do 

do 

3/6 

3/4 

F 23-1 1 

do 

do 

0/6 

4/5 

C, 37-30 ! 

do 

Motile 

4/6 

10/10 

C, 37-17 { 

do 

Fleck 

1/6 

3/4 

C, 37-113 

^ do 

do 

4/6 

4/4 

Ot 36-33 

Croft 

None 

5/6 

1/4 

Ot 37-16 

do 

do 

1/6 

2/4 

Ct 37-24 

do 

do 

0/6 

3/4 

Ct 37-74 ■ 

do 

do 

0/6 

0/4 * 

E, 37-241 

Erabu 

do 

2/6 

4/4 

Ej 37-26 

do 

do 

4/6 

3/4 

Ea 37-48 

do 

do 

0/6 

2/4 ' 

G 37-48 

Giganteum 

do 

1/6 

3/4 

G 37-63 

do 

do 

2/6 

4/4. 

H 37-136 

Harris! 

do 

3/6 

4/4 

H 37-123 

do 

Mild mottle 

4/6 

4/4 

WQ7 

White Queen 

None (seedling) 

0/6 

0/4 

WQ 142 

do 

do 

0/6 

0/4 

152-2C-1 

Seedling 

None 

0/6 

0/4 

152-2T-9 

do 

do 

0/6 

0/4 

152-3C-7 

do 

do 

0/6 

0/4 

GS 85-7 

do 

do 

0/6 

0/4 


»Number of plants infected over number inoculated. 

250 
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■were recognizable in 10 to 14 days after inoculation; those in tulips were 
expressed in the year following inoculation. It appears from these data 
that L. formosanum is a satisfacdory index plant for tulip virus in lilies. 
The agreement between tulip and L. formosanum as test plants is reasonably 
close with a few discrepancies suggesting that the lily test is more efficient 



Fio. 1. Mosaic symptoms ia Lilivm longiflorvm var. Creole. A. Strong mottle. 
Typical necrotic fleck. 


than the tulip test, as well as much faster. It is not yet known whether- 
these discrepancies represent merely differences in the efficiency of the- 
methods in our hands or a differential susceptibility of the test plants. 

The Easter lilies tested in the trials listed in table 1 include symptom¬ 
less selections from Louisiana Creole, Florida Creole, Oregon Croft, Japa- 
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nese Erabu and Giganteiim, and Bermuda Harrisi. The individual source 
plants were selected during the forcing of 200 to 600 of each commercial 
variety, as plants free from virus, symptoms throughout the forcing period* 
The fact that all but one of these symptomless lilies showed evidence of 
latent tulip virus strongly suggests that this virus is present in nearly all 
commercial Easter lilies from all sources. At the same time 6 green-house- 
grown seedlings tested virus-free on both tulip and Lilium formosanum. 

Price (5) used Turkish tobacco as a test plant in demonstrating cucum¬ 
ber virus in lilies. We have adopted this test and, combining it with the 
Lilhim formosanvm test, have used a simple mechanical inoculation of these 
2 species as an index of the presence of cucumber and tulip viruses in lilies. 
A representative set of plants for such indexing is shown in figure 2, A, and 
another set is shown in figure 2, B, 9 days after inoculation from a specimen 
of the hybrid lily George C. Creelrnan, which proved a carrier of both tulip 
and cucumber viruses. Carboriuidum dust was applied to the leaves rubbed 
in all inoculations. Turkish tobacco is inoculated while very small, as shown 
in figure 2, A. L. formosanum responds satisfactorily at any stage of active 
growth when new leaves are developing. We have regularly washed off the 
inoculum shortly after the operation is finished, since the juice of lilies will 
often burn tobacco leaves if allowed to dry in place. 

Infection in Turkish tobacco is considered evidence that a cucumber 
virus is present. Symptoms usually appear as white necrotic rings in 4 to 6 
days, and may or may not be followed b}^ systemic mottling. If no infec¬ 
tion appears in tobacco, but Lilium formosanum develops yellowing and 
curling of the young leaves in 6 to 10 days, followed by mottling of various 
types, a tulip virus is considered present. If both test spe(des respond, as 
shown ill figure 2, B, the plant indexed carries both viruses. During hot 
summer weather L, formosartum may develop a mild mottling in young 
leaves from cucumber mosaic alone, but this can be distinguished from tulip 
virus on subsequent development. 

It has not yet been proved that all viruses isolated from lily and that 
produce symptoms in Turkish tobacco belong to Cucumis Virus I, but it 
seems probable that they will be so classed. There is less reason for regard¬ 
ing as strains of a single virus all collectiojis that are positive in Lilium 
formosanum and negative in tobacco, but this working hypothesis is main¬ 
tained for the present. The possibility remains that other viruses not de¬ 
tected by this index test occur in lily, but the conception of 2 distinct 
viruses, each including a number of strains, seems adequate to account for 
most of the virus patterns thus far encountered in our study. The'yellow 
flat or rosette type (4) has not been recognized in our material. 

During the summer of 1939, garden lilies of many species and varieties 
from a number of localities were indexed by the method described above. 
Material was collected by the writer and by S. L. Emsweller, or mailed to 
.this station by E. P. Imle and others. Five plants of each test species were 
axsed in each index trial. In 56 representative trials in which tulip virus 
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Fia. 2. Test plants used in detecting tulip and encumber virus in lily. lAlmm 
formomanum seedlings in 4-inch pots and Turkish tobacco in 3-inch pots. A. Representa¬ 
tive sot at stage suitable for test. B. A set 9 days after inoculation from a plant of tho 
hybrid lily George C. Oreelman, showing symptoms of tulip virus in X. formoHanvm and 
of cucumber virus in tobacco. 

was detected the mean number of Lilium formosanum plants showing symp¬ 
toms was 4.14 ±: .15. In 27 trials in which cucumber mosaic was found, the 





TABLE 2.— l^esults of indexing garden lilies for the presence of cucumber virus (C) and tulip virus (T) by inoculation into Turkish tobacco 
and Lilium formosanum seedlings. Figures indicate number of plants indexed, C^-T indicates both types of virus found, H indicates plants 
apparently virus free 
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1 
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Myriophyllum superbum 
(Sulpbureum) . ., 

Nepalense 

Pardalinum giganteum 

Princeps (and hybrids) 

Pumilum (tenuifolium) 

Begale (and hybrids) 

Sargentiae (and hybrids) 

Speciosum and vars. 

Superbum . 

T. A. Havemeyer ... 

Testaceum .... 
Tigrinum'* . . 

Umbellatum 
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255 


a Also tulip virus, San Francisco. 

b Also apparently virus free at Ogallala, Nebr., and Mission Bottom, Oreg. 
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mean number of Turkish tobacco plants infected was 4.70 ± .14. Since the 
general level of infection is high in those sets that proved positive, some 
confidence may be placed in the significance of negative readings. 

The results of these garden-lily trials are summarized in table 2. Tulip 
virus was detected in 31 species or varieties of lilies in 41 indexed, and from 
13 localities in 15 sampled. Cucumber virus was found present in 18 species 
or varieties from 9 localities. Cucumber virus was not detected in 22 collec¬ 
tions representing 6 localities in the West. Possibly the later season of 
indexing (July 28 to August 8), or the longer time in transit, was unfavor¬ 
able for detecting cucumber virus in western samples, but the result is a 
striking one. Cucumber virus was found occurring alone in 11 index trials 
representing 10 species and varieties and 6 localities. 

Twenty-two collections, including plants of 14 species or varieties from 
7 localities, were found carrying both tulip and cucumber viruses. Some of 
these double infections were found in crook-neck Lilium aitraium Lindl. and 
similarly affected L, mperhtim L.; in other instances L, regale Wils., L, 
sargeniiae Wils., I/, tigrinum Ker, and L. rnnhellainni Hort. carried virus 
of both classes with less damaging effects, although usually somewhat 
dwarfed. 

Several of the bulb-x)ropagated species, commonly assumed to be carriers 
of virus, were sampled in these trials. Lilium candkhm L. in 6 samples 
carried tulip virus, in 2 samples both tulip and cucumber viruses, and 10 
plants of recent seed origin were found virus-free. The hybrid George C. 
Creelman carried tulip virus in 4 localities and both viruses in 1 locality. 
L. elegans Thuiib., of supposed hybrid origin, and commonly represented by 
named varieties, carried tulip virus in all 5 samples tested. The hybrids 
Maxwill, Princeps, T. A. Havemeyer, and L, testaceum Lindl., were all 
affected with one or more viruses in 8 tests. L. tigrinum. was found affected 
with tulip virus 9 times, with both types once, and tested virus-free 8 times 
in samples from 7 localities. L. tigrimim was found apparently healthy in 
isolated gardens and in material recently collected from such isolated sites. 
L, umhellafum, of supposed hybrid origin and, like L. clegnns, commonly 
represented by named varieties, carried one or both viruses in 5 samples, 
and was apparently healthy in 2 trials. 

Lilium hamoni Leichtl., its hybrids'Marhan (L. mariagon album xL. 
hausoni), and the Backhouse hybrids (Martagon-Haiisoni hybrids), *were 
uniformly virus-free in 9 tests that represented 50 individual plants from 
5 localities. This species, as well as its hybrids, is vegetatively proijagated, 
and is known as a type not subject to mosaic. These tests show thait it is 
not commonly a symptomless carrier but may be resistant to infection or 
may tend to escape* 

No virus was detected in leaves from bulbs of Lilium myriophyllum 
superbum (Baker) Wils, and L. nepalense D. Don, grown in a greenhouse 
at Geneva, New York, and said to be collected from the wild in India. This 
finding is in agreement with a general view that bulbs from the wild are 
virus-free. 
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A few conclusions may be drawn from the data available here. The exis¬ 
tence of apparently virus-free Lilinm tigrinum is in itself some assurance 
that isolation may be effective in protecting lilies from virus infection. 
Moreover, where isolation of garden-lily seedlings has been conscientiously 
attempted, it appears successful, as far as our sampling and indexing can be 
considered conclusive. Isolation has proved effective thus far in protecting 
our plantings of L. longiflomni seedlings at Charleston, South Carolina, for 
2 years and at Los Angeles, California, for 1 year. The consistent failure 
to detect virus in L. hansoni and its hybrids, even when long grown in close 
proximity to diseased lilies, indicates that this species carries either resis¬ 
tance to or some tendency to escape from mosaic. The detection of double 
infections in L, candidum, George C. Creelman, L. regale, and L. sargentiae 
hybrids at White Plains, N. Y., in a private-garden collection, long carefully 
maintained at a high level of performance, suggests that there is not a close 
correlation between double infections and poor performance in all species. 
It may be inferred further that hybrids of the Regale-Sargentiae class may 
be carriers of complexes, as well as single virus infections, without showing 
symptoms that would commonly call for roguing. 

These index tests show that both tulip virus and cucumber virus are 
involved in mosaic of garden lilies. As in Easter lilies, the tulip virus is 
more commonly found. The occurrence of 2 distinct viruses in garden lilies 
greatly complicates problems involving resistance, tolerance, or capacity to 
escape infection. Obviously, the symptoms found in lilies in nature must 
be reproduced in inoculation experiments before the viruses isolated can be 
established as the sole causal agents. Determination of the reactions of the 
various species and varieties to each and to both viruses will be a long and 
tedious undertaking. In the meantime the culture of lilies from seed under 
suitable isolation offers promise as a solution of the problem of virus-disease 
control. Those wlio attempt to grow Aurus-free lilies by this method must 
face the fa(*t that either tulip virus or cucumber virus may occur in latent 
form in appropriate species that have not been suitably isolated. 

U. S. Horticultural Station, 

Beltsville, Maryland. 
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THE RELATION OP TEMPERATURE TO COMMON AND 
HALO BLIGHT OP BEANS^ 

E 0 B E R T W . Goss 
(Accepted for publication Nov, 29, 1939) 

Inoculation experiments with common blight of beaus (Phaseolns vid- 
guris L.) caused by Phyfomonas phaseoli (E.P.S.) Bergey et ah and halo 
blight caused by Phyt. medieaginis var. phaseolicola Burkh. have resulted 
in considerable variation in the percentage of infection, time of appearance 
of symptoms and the type of symptom occurring. This variability has been 
evident both in the field and in the greenhouse, where conditions were more 
uniform. Differences in the age and variety of bean plants being tested 
failed to adequately explain the variability. It was also observed that these 
diseases sometimes occurred in commercial fields with apparent suddenness 
and under conditions that did not seem especially favorable. 

The literature contains many statements based on observational evidence 
concerning the conditions most favorable for the two diseases. In general, 
common blight is considered as a high-temperature disease. Burkholder (1) 
observed the disease was more prevalent in hot than in cool seasons and that 
infection was more easily obtained in the greenhouse at 80® than at 65° P. 
He noted that at the latter temperature the leaf spots developed very slowly. 
Prom observational evidence he concluded that, *‘The pathogene progresses 
more rapidly in the })lant tissue at high temperature than at low.^’ Halo 
blight is generally considered a low-temperature disease. Burkholder (1) 
describes two types of leaf spots, the halo spots, which he found to occur 
during cool weather, and small, numerous angular lesions without a definite 
halo, which he observed to occur later in the season, during hot weather. He 
considered the lack of a halo to be due partly to the fact that the whole leaf 
became chlorotic. 

Moisture usually is considered as being essential for both diseases, al¬ 
though Muncie (3) states that common blight maj" spread rai)idly during 
dry weather, Higgins (2) considers moisture to be essential for infection 
with halo blight, and points out that ‘‘Infection is very materially reduced 
and often entirely inhibited if the plants are allowed to dry to the wilting 
point even three or four days after inoculation.’’ Zaumeyer (4) tested the 
effect of high moisture, both before and after inoculation, by the use of moist 
chambers. He found that very little infection occurred wdth either disease 
unless the moist chambers were used for 24 hours after ino<*ulation. 

Because of the lack of published, experimental evidence the following 
experiments were undertaken to establish more accurately the effect of tem¬ 
perature upon infection and upon the subsequent development of these 
diseases. A few tests were included to determine the possible effect of rela- 

1 Published with the approval of the Director as Paper No, 244, Journal Series, 
Nebraska Agricultural Kxpenment Station; 

258 



1940] Goss: Temperature in Relation to Bean Blights 259 

tive humidity upon the development of these diseases after infection had 
occurred. 

METHODS 

The experiments were carried out in electrically heated, double-wall glass 
cases in a refrigerated greenliouse. These cases were placed over water 
baths and an electric fan circulated the air over the water, so that a high 
relative liumidity could be maintained. In some of the experiments a con¬ 
trasting low relative humidity was obtained by eliminating the water bath. 

Because of their known susceptibility to both bacterial blights, Red Kid¬ 
ney beans, obtained from a blight-free area, were used in all of the tests. 
These were grown in galvainzed boxes or cans and the soil moisture was kept 
near the optimum as judged by the appearance of the plants. In each test 
tljc plants were selected for uniformity of size and development, the first 
trifoliate leaf being well developed and the se(‘ond and third just unfolding. 

The plants were placed in the high-humidity cases for 24 hours before 
being inoculated. The upper and lower surfaces of the leaves were then 
thoroughly sprayed with a bacterial suspension made up of a mixture of 
strains of the organism to be tested. 

Noninoeulated controls were not included in the tests condiuded in the 
temperature (*ases, as it was (‘onsidered that tlie leaves produced after the 
plants had been inoculated would serve as an adequate check on the effect of 
temperature on the foliage. These leaves almost invariably remained free 
from blight. Additional plants from the same seed source were always 
grown in another greenhouse at the same time and always remained free 
from both halo and common blight. The beaii ])lants grew slowly at 12"^ C. 
but the foliage appeared normal. The best growth occurred at temi)eratures 
of 16®, 20®, and 24® C. There was considerable etiolation at 28® and very 
poor growth with considerable yellowing at 32® C. 

RESULTS 

Kelaiivc Unmidiiy, In the first experiments with each disease, after an 
incubation period of 24 hours at a high relative humidit>% one-half of the 
plants at eacli temperature w^ere removed to a low-relative-humidity case 
held at the same temperature. 

Low humidity with common blight caused the infected area of the leaf 
to dry out more rapidly and the area affected was greater than at high hu¬ 
midities. This greater severity of the symptoms with low humidities oc¬ 
curred at all of the temperatures tested. In contrast with common blight, 
the low humidities had no apparent effect on the development of halo-blight 
symptoms. Even at the high temperatures, where the foliage sometimes 
reached the wilting point in the low humidity cases, the severity of infec¬ 
tion was as great as with high humidity. This is in contrast to the results 
repoi’ted by Higgins (2). 

Temperature. Common Blight. In the experiments referred to above 
it was found that temperature had a veiy^ marked effect on the length of the 
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ineiibatioii period with common blight. The first symptoms appeared in 6 
days at 32®, 10 days at 28®, 14 days at 24®, and no symptoms were evident 
at the end of 17 days at 20® and 16® C. It was at first thought that no in¬ 
fection had occurred at these low temperatures, but, when, after 17 days, the 
plants at 20® were transferred to 32® C., large blighted areas appeared on 
the leaves in 2 days. Those at 16® were transferred to 28® C. and symptoms 
appeared 7 days later. The rapidity with which the symptoms developed 
when the plants at 20® were transferred to 32° C. clearly indicated that in¬ 
fection had occurred at the lower temperature, but that the symptoms were 
masked. In addition to the longer incubation period, the symptoms were 
always less severe at the low temperatures, particularly on the primary 
leaves. It was noticeable at all temperatures that infection was more pre¬ 
valent on the older leaves than on those that were just unfolding at the time 
of inoculation. 

The results of this first experiment suggested that the symjitoms would 
have appeared if the plants had been held longer at 16® and 20® C. A(icord- 
ingly, the experiment was repeated several times for longer ]>eriods, using 
only the high relative humidity chambers. The results presented in table 
1 are of a typical experiment. Symptoms developed at 20® after* 23 days 


TABLE 1 .—Kclatioii of iemperaturo to common hJffjht 


Tern- 

Num- ! 

Days 
to first 
symp¬ 
toms 

Tnfcction of prima ry leaves j 

Infection of trifoliate leaves** 

pern- i 
ture 

her of i 
])}ant8 1 

None 

1 

Slight 

Me¬ 

dium 

1 

Severe 

None 

Slight 

" 

Me¬ 

dium 

Severe 

° C, 

Kim- 

Num- 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

her 

her 

vent , 

cent 

een t 

relit 

' cent 

cent 

cent 

cent 

32 

H 

7 

3.5 

38 

23 i 

4 

' 6.5 

17 

j 12 

6 

28 

23 

9 

46 

31 

13 

' D) 

j 59 

21 

13 

i 7 

24 

24 

16 

73 

23 1 

4 : 

' 0 

1 

} 29 * 

! 13 

n 

20 

12 

23 

96 

4 1 

0 

> 0 ; 

i 55 1 

1 34 1 

1 8 

3 

20~32» 

11 

23“ 

68 

32 

0 

0 

1 40 1 

i 20 


30 

16 

12 

27 

100 

0 ; 

0 

0 

94 

: 6 s 

1 0 

6 

16~32b 

9 


92 

6 j 

0 

0 ; 

i 

L 

L-'J 


0 


a The temperature was changed from 20^^ to .‘^2° (\ *23 davH aft(*r inoculation at 
which time there wore no symptoms on the primary leaves and only 12 per cent of the 
secondary loaves showed slight infection. 

*> The temperature was changed from 10° to 32^^ 0. 23 days after inoculation at 
which time there were no symptoms. The svmptoms appeared 4 days after changing to 
32*^ C. 

cEeeords are based on final readings made 27 days after inoculation on the first 3 
trifoliate leaves. The degree of severity indicates the relative amount of infected tissue 
per leaf. 

and a few symptoms appeared on plants held at 16° C. after 27 days. The 
symptoms of plants transferred from these temperatures to 32° rapidly in¬ 
creased in severity, although those originally held at 16° C. never developed 
symptoms so severe as those at higher temperatures during the duration of 
the experiment (27 days). 

The causal organism was consistently isolated from leaves showing symp- 
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toms including those where the symptoms had previously been masked by 
low temperatures. 

The above experiments were all conducted with the Red Kidney variety. 
It is possible that other varieties might vary in their response to tempera¬ 
ture, but a few^ tests made with the Great Northern variety of field beans 
yielded results similar to those reported for the Red Kidney variety. 

Halo Blight, In the preliminary experiments the first symptoms of halo 
blight appeared in 6 to 10 days after inoculation at 24"" and 28° C. Usually 
the symptoms appeared 2 to 3 days later at the lower temperatures, but the 
effect of temperature on the incubation period was very slight as compared 
with common blight. As with common blight, there was considerable varia¬ 
tion in the per(*entage of leaves infected at the different temperatures, but no 
consistent differences (jould be noted within a single experiment. 

The effect of high temperature was chiefly confined to a modification of 
the symptoms and to an increase in the number of infection points per leaf. 
As previously stated, the relative humidity after a 24-hour period following 
imxndation had no effect on the development of the disease. The experiment 
was repeated several times, using a high humidity at all temperatures, and 
the effe(*t of temperature was similar in all experiments. The results of 3 
such tests are combined in the data presented in table 2. Tlie amount of 
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21 
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» Plants grown at 12® (\ wore from a different experiincnt but wore grown in a com¬ 
parable nuinuev. 

The data arc based on the trifoliate leaves exposed at the time of inocvilatiou and 
the results of three cx]»eriments arc averaged. The dt^gree of .severity indicates the rela¬ 
tive number of infections per leaf. 

<■ See fig\ire 1 for type of infection. 

infection on the primary or cotolydonary leaves was very small as contrasted 
with that occurring with eommon blight Because of this small amount of 
infection and the lack of consistent differences, the data on primary leaves 
are omitted from the table. 

Tlie two outstanding effects of temperature were the increased number 
of infections per leaf at high temperatures and the variation in the type of 
sj-mptoms. In table 2 it can be seen that a higher percentage of leaves was 
listed as severely infected at the high temperatures. The degree of severity 
w’as based on the number of infections. 

The typical halo surrounding the infected area occurred only at the lower 
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temperatures, 12®, 16°, and 20° C., at all of which temperatures there were 
typically few infection points per leaf, but the ligrht green-yellow halo often 
involved one-fourth or more of the leaf area. At 24° the halo was quite 
small, and at 28° and 32° C. there was no halo visible to the naked eye. The 
symptoms at these two high temperatures on Ked Kidney plants were so 
atypical that they could easily be mistaken for insect injury. The spots 
were usually less than a millimeter in diameter on the upper siirface and 
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slightly larger on the under side of the leaf. When magnified a very nar¬ 
row band of chlorotic tissue could be seen (Fig. 1) on the upper side of the 
leaf, but it in no way resembled the halo that occurred at tlie lower tempera¬ 
tures. Bacterial exudate was usually present on the under side of the in¬ 
fected spots. Figure 1 shows tj^iical examples of the variation in symptoms 
o(*<*urring at different temperatures. The causal organism was repeatedly 
isolated from the bacterial exudate of these atypical spots, which occurred 
at high temperatures. 

The lack of a halo around the infected tissue was not due to a general 
chlorosis of the leaf, as noted by Burkholder (1). Chlorosis often is asso¬ 
ciated with a very large number of infections per leaf, but no halo occurred 
at high temperatures when only one or two infections were present on a 
green leaf. 

In all of the halo blight inoculations it was noted that the greatest num¬ 
ber of infections occurred on the youngest leaves that were just unfolding 
at the time of inoculation. This was in contrast with common blight, where 
the most infection occurred on the older leaves. 

One test was conducted in which TJ. S. No. 5 Refugee was compared 
with the Red Kidney. The effect of temperature on the symptoms was simi¬ 
lar, but it is po.ssible that other varieties might differ in their response to 
temperature. 

DISCT^SSION 

While common blight can be termed a high-temperature disease, due to 
the rapidity with which a large amount of leaf tissue can be involved, it is 
clearly evident tliat infection can occur at relatively low temperatures for 
the bean plant and that the incubation period is greatly prolonged at these 
low temiieratures. This delay in the appearance of symptoms might pos¬ 
sibly explain some outbreaks of the disease under conditions usually not 
considered ideal for infection. The rapidity with which the symptoms de¬ 
velop when transferred from low to high temperatures indicates that this is 
a masking effect and not entirely a slowing up of the progress of tlie patho¬ 
gen through the plant tissues, as stated by Burkholder (1). Further ex¬ 
periments are necessary to determine how much of the delay in the appear¬ 
ance of symptoms is attributable to a slower invasion and how much to the 
masking of sjuiiptoms in invaded tissue. 

Halo blight, likewise, can occur over a wide range of temperatures. The 
occurrence of the conspicuous halo at the lower temperatures readily ex¬ 
plains why this disease is considered to be favored by low temperatures. 
The actuai number of infections, however, may be greater at higher tempera¬ 
tures, and each of '^ese inconspicuous spots can serve as a source of inoculum 
for the further spread of the disease. It would be difficult to detect many 
of these lesions in a casual examination of plants in the field. An epidemic 
could be gradually built up in this way, so that, with later weather condi¬ 
tions favorable for the development of the halo symptom, one might believe 
a severe infection had occurred simultaneously in the entire field. 
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SUMMARY 

Common blight of beans was produced by inoculation with Phytomonas 
phaseoU at all temperatures tested from 16® to 32® C. At low temperatures 
the incubation period was greatly prolonged. At 32® the symptoms ap* 
peared in 7 days, at 20® symptoms appeared in 23 days, while at 16® C. only 
slight symptoms appeared on a few leaves at the end of 27 days. 

With common blight the transfer of plants from low to high tempera¬ 
tures caused the rapid development of symptoms on leaves previously ap¬ 
pearing healthy. The amount of affected leaf tissue was greatest on the 
j)lants held constantly at the high temperatures. The oldest leaves of the 
young plants tested were more susceptible to infection than the young leaves 
just unfolding at the time of inoculation. 

Halo blight was produced by inoculations with Phytomonas medicaginis 
V. phaseolicola at all temperatures tested between 12® and 32® C. 

The conspicuous halo occurred chiefly at 20® and below and, occasionally, 
a slight halo was present at 24® C. At 28® and 32® C. no halo sympftoms 
appeared, the infections were greater in number, but the spots were small 
and inconspicuous, although bacterial exudate was present on the under side 
of the leaves. 

The youngest leaves, just unfolding at. the time of inoculation, were the 
most susceptible to halo blight. 

Very little infection of primary leaves occurred with halo blight, while, 
with common blight, they were seriously infected. 

The relative humidity after a 24-hour incubation period at high humidity 
had no effect on halo blight, but low humidities increased the severity of the 
symptoms on leaves infected with common blight. 

Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska. 
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SPORANGIAL PROLIFERATION IN PERONOSPORA TABACINA 

FkEDKKICK a. WOI.r AND Rt’TH A. McLEAN 
(Accepted for publication October 17, 1939) 

To date, no one has been able to grow members of the family Perono- 
sporaceae, or^iowny mildews, on artificial media. In order to have available 
an adequate -supply of sporangia for our studies of Peronospora tahacim 
Adam, frequent transfer of Uie pathogen from diseased to healthy seedlings 
proved necessary. These seedlings were grown in half-gallon glass fruit 
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jars containing approximately 500 g. of previously steam-sterilized soil 
Seedlings were inoculated by atomizing a water suspension of sporangia 
upon them, and the jars were then closed with their screw-cap tops. The 
jars were then placed in a special incubation chamber maintained at a tem¬ 
perature of approximately 15^^ C. and continuously illuminated with a 
25-watt bulb. ICrnder these abnormal conditions, the pathogen produced 
proliferated sporangia. This phenomenon is recorded, for, so far as the 
writers are aware, it has not hitherto been recorded for any of the Perono- 
sporaceae. 

It should be borne in mind that Peronospora tabacina and other species 
of the genus possess dendritic, diehotomously-branched sporangiophores 
and that the sporangia are borne at the apices of cjirved, tapering branch- 
lets. All sporangia of P. tabacina mature and are shed almost simultane¬ 
ously, presumably being dislodged by air currents or by rain. Under usual 
conditions a crop of sporangia is produced at daybreak each morning, a 
response probably governed by light conditions. The sporangia range in 
size from 10.5-24 x 10.5-22 p, the average dimensions being 18.4 x 15 p (13). 

Under the conditions of sustained high relative humidity within the jars 
and of constant weak illumination to which the pathogen and seedlings were 
exposed, the diurnal rhythm in production of sporangia was interrupted. 
Instead of finding fully deveJoi)ed sporangia in the morning, it was noted that 
the si)orangiophores emerging from the several adjacent stomates were in 
different stages of development, the terminal brauchlets often being more 
than twice as long as normal. The sporangia varied greatly in size, re¬ 
mained attaclied to the sporangiophores, and several types of proliferation 
were in evidence. In some the inner sporangial wall protruded apically and 
became eidarged (Fig. 1, a and 6). In others there was formed a tube that 
either remained unbranched or branched dichotomously, developing small 
secondary terminal sporangia (Fig. 1, r, d, and g). In c*onsequence a pri¬ 
mary sporangium might give rise to 1 to 4 secondary sporangia, each smaller 
than the primary sporangium. As indicated in figure 1, /, the secondary 
sporangia also may proliferate, and tertiary sporangia would, no doubt, 
eventually be formed in such eases. Proliferation of another type is shown 
in figures 1, ft, wherein the primary sporangium lias produced a sporangio- 
phore, diehotomously-branched and bearing eight diminutive, immature, 
secondary sporangia. 

Proliferation apparently is causally related to tlie continuously high 
relative humidity and subdued illumination to which the pathogen was sub¬ 
jected. This opinion is supported by the fact that during the 8 years in 
which this fungus has been studied proliferation has never been noted on 
naturally infected plants grown out-of-doors. 

In other fungi closely related to Peronospora tabacina, including mem¬ 
bers of the families Saprolegniaceae and Pythiaceae, the phenomenon of 
proliferation is not of unusual occurrence. In the former family, among 
species of Saprolegnia, new sporangia may form repeatedly within the basal 
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portion of the old sporangium; in the latter family a similar condition exists 
in the case of Pythiomorpha gonapodioides Petersen (8). This type of pro¬ 
liferation involves the portion of the hypha immediately beneath the spo¬ 
rangium and not the sporangium itself. Kanouse (6) observed that in P, 
gonapodioides the apex of the sporangiophore may be rejuvenated repeat¬ 
edly, resulting in series of sporangia arranged nest-like or in a row. Butler’s 



Fio. 1. a. Two dw'arfed sporaiigia, cacli of wdiicli has Imddod hi a yeast like man¬ 
ner. h. Four sporangia, one dwarfed, one of normal size, and two approximately twice 
the normal length, whose inner wall has become extended from tin* sporangia! apex. 
The sporangiophore tips are abnormally elongated, r. Group of four s])orangia, one of 
which has sprouted preparatory to forming a secondary sporangiuin, and jinother of 
which is forming a secondary sporangium, d. One si»oraiigium has grown to form a 
secondary sporangium, another is forming 2 diminutive sporangia, and another one is 
forming three tiny sjiorangia. c. Proliferation of 8])orangia one of which has pro- 
duc-ed a single sporangium, the other of which, abnormal in size and shape, has pro¬ 
liferated to form four sporangia. /. The secondary sporangium is itself proliferating, g. 
The 8e(*ondary sporangia borne by one elongated sporangium in procicss of formation. 
)u Cue sporangium that has proliferated to form a 8porangiox>hore on which eight sj>or- 
angia are forming. 

plate 3, figure 4(1) shows, in Pythium prolifer mu de Bary, a series of pro¬ 
liferating sporangia growing through and one above the other. 

Another type of proliferation, involving sporangiospores instead of spo¬ 
rangia, is exhibited by the repeated emergence of laterally-ciliate zoospores 
in Dicfyuchus sp., described by Weston (12), in Achylw racemosa Hilde¬ 
brand, described by Hohnk (4), in Pkyto 2 )hihora infesians (Mont.) de 
Bary, described by Murphy (7), in Pythium proliferum de Bary, described 
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by Cornu (2), and in Pythium diacarpum Butler described by Butler (1)» 
Still another type of repetitional development, in which the sporan^iospore 
germinates, forming at the tip of the germ tube a new sporangium, which 
emits only one zoospore, occurs in Pythium dictyoaporum Raeib. (9) and in 
Phytophthora sp., associated with pink rot of potato (3). 

Primary sporangia may produce tubes surmounted by secondary spo¬ 
rangia in certain species of Phytophthora. Two secondary sporangia are 
thus formed by Peronospora cactorvm (Cohn et Leb.) Schroet. shown in 
Rosenbaum's^ figure 16 (10). Another of his illustrations in the same figure 
shows that tertiary sporangia may arise. Proliferation of this type with 
production of a single secondary sporangium was noted in P. infestans by 
Jones, Giddings, and Lutman (5 : Pig. 6) and in P. phaseoli Thaxter by 
Thaxter (11: PL 3, figs. 31-32). These species may, therefore, exhibit a 
proliferative development analogous with that herein noted in Peronospora 
tabaehia. 

Apparently, proliferation of the kind illustrated in figure 1, h, finds no 
counterpart among the related families of Phycomycetes. In the Perono- 
sporaeeae all of the proto])lasmic content most commonly migrates from the 
sjiorangiophore into the sporangia when the sporangia form, leaving the 
sporangiophore empty. Presumably, differentiation does not occur during 
migration of the protoplasm into the sporangia, so that each sporangium is 
totipotent. Repetitional development of this type could therefore be antici- 
jiated to oi'ciir. Suffi(*ient explanation of the function of the other types of 
proliferation would appear to rerpiire only the statement that the funda¬ 
mental law of life of each organism is reproduction of its kind. 

Ilohnk (4) pointed out that there is a tendency from planetism to 
aplanetism among the Saprolegniaceae, correlated with progression from 
water forms toward land forms. Conceivably, polyplanetism, well known 
among the Saprolegniaeeae, and proliferation may be parallel developments, 
and both may have phylogenetic significance. 

Duke TTniversity, 

Durham, North Carolina. 
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RELATION OF STOMATA TO INFECTION OF TOBACCO LEAVES 
BY BACTERIUM TABACUM^ 

Stephen Diachun 
(Accepted for publication October 23, 3939) 

One of the common portals of entry for bacteria that cause leaf spots is 
the stoma (6, 9). It is believed that in natural field infections Bacterium 
tabacum Wolf and Foster usually invades tobacco leaves through stomata 
(1, 3, 5). When leaves are artificially inoculated by atomizing with a bac¬ 
terial siispension the bacteria presumably enter through stomata. Clinton 
and McCormick (3) reported that when immature tobacco leaves were 
sprayed, infections rarely occurred, indicating that ‘‘entrance takes place 
through the stomates, which in these leaves are not so fully developed or 
liable to be open.'^ 

On several occasions, botli in the field and in the greenhouse, when 
leaves were atomized with bacterial suspension late in the afternoon or on 
dull, cloudy days, only a very limited amount of infection resulted. Diachun 
and Valleau (4) have reported that stomata of leaves of greenhouse tobacco 
plants are usually wider open during the day than at night, and on sunny 
days than on very dull days. Subsequent field tests have shown that, in 
general, the results obtained on greenhouse plants are applicable also to 
field-grown plants. 

It is the purpose of this paper to report results of experiments designed 
to determine the effect of stomatal opening at the time of inoculation on 
infection of tobacco leaves inoculated by atomizing with Bacterium tabacum, 

EXPERIMENTAL RESULTS 

To determine whether the degree of stomatal opening, and, consequeiitly, 
the time of inoculation, influences the amount of infection, the following 
tests were made. On January 7, 1939, 6 leaves of each of 3 vigorous white 
Burley plants were atomized by means of a de Vilbis atomizer with a 24-hour 
broth culture of Bacterium tabacum diluted with 10 parts of sterile water. 

1 The iavefitigation reported in this paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the 
IMrector. 
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The nozzle of the atomizer was held 2 inches from the lower surface. Plant 
A was inoculated in the greenhouse at noon. Plant B was placed in a dark 
room at 9 a.m., inoculated in the dark room at noon, and kept there until 
6 p.m. Plant C, which was in the greenhouse all day, was inoculated at 
6; 30 p.m., more than an hour after twilight. At the time of inoculation 
several pieces of epidermis were stripped from each jdant for stomatal ex¬ 
amination, using Lloyd’s technique (8). To compare the stomatal opening 
of leaves on the 3 plants an index expressed as was used. The value of 
K for plant A was .32; for plant B, .13; and for plant C, .14. That is, the 
stomata on plant A were more than twice as wide as those on plants B and C. 
By January 16, plant A was heavily infected. There were only 15 isolated 
wildfire spots on plant B, and on plant C only 4 such spots. This experi¬ 
ment was repeated 5 times with similar results: the stomata were open on 
plants inoculated in the greenhouse at noon and infection was severe; they 
were nearly closed on plants inoculated at night and in artificial darkness, 
and infection was limited (Pig. 1). 



Pig. 1 . Effect of stomatal opening on infection with Bact, tahaoiim. The leaves 
were atomized with a 24-hour broth culture diluted with 10 parts of sterile water. The 
nozzle of the atomizer was held 2 inches from the lower surface. Inoculated February 
13, 1939, and photographed February 20. A. Inoculated in the greenhouse at 2: 30 p.m. 
on a sunny day, stomata open, K .25. B, Placed in dark room at 11: 30 a.m., inoculated 
in dark room at 2: 30 p.m,, stomata nearly closed, K .05, C. Inoculated in the green¬ 
house at 7 p.m., stomata nearly closed, K .0(5, 

Inoculations were made also in the field on several occasions when sto~ 
mata were closed. Infection was always less severe when stomata were 
closed than when they were open. For example, on August 7, 1939, the left 
side of 2 leaves was inoculated at 9 p.m., when the stomata were nearly 
e^)sed, K being .05. The riglit side of the same leaves was inoculated at 
6:15 the next morning when the stomata were open, K being .25. Both sides 
were inoculated by atomizing with the atomizer 2 inches from the lower 
surface. By August 15 there was good infection on the right side and only 
a very few spots on the left side of each leaf. Again, on August 8, the 

2 K i» the ratio of the average actual widtli to the average poteutial leiigth of the 
opening of 20 measured stomata. 







270 


Phytopathology 


[VoL. 30 


right side of a leaf of a dark tobacco plant was inoculated by atomizing at 
4 p.ni. The lower siirface of the leaf was exposed to direct sunlight and the 
stomata were nearly closed.® The left side of the same leaf was inoculated 
at 9 the next morning, when tlie stomata were open. By August 15 there 
was good wildfire infection on the left side and but little on the right side 
of the leaf (Fig. 2). 



Fig. 2. Effect of stomatal opening on infection of a field-grown plant with Baa- 
ierium tahacum. Both sides of the leaf were atomized with the nozzle of the atomizer 
2 inches from the low^er surface. The right side was atomized at 4 p.m., August 8, when 
stomata were nearly closed. The left side was atomized at 9 a.m., August 9, when stomata 
wore open. Photographed, August 21, 1939. 

DISCUSSION 

The results of the experiments reported here call attention to the fact 
that when leaves of tobacco, and perhaps otlier plants, are to be inoculated 
with bacteria by atomizing, the condition of the stomata must be considered. 
Erroneous conclusions about the resistance or susceptibility of plants being 
compared, or about the virulen<*.e of cultures under test may be reached 
Tinless care is,taken to make all inoculations when stomata are known to be 
open. Leaves that are shaded, wilted, or turned up with the lower surface 

sit was observed frequently that when leaves were turned up, so that the lower 
Aurface was exposed to the afternoon sun, the stomata were closed. 
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exposed to the sun, should be avoided, for observations have sliowii that 
stomata are likely to be closed under these circumstances. 

It is generally believed that there is a close correlation between out¬ 
breaks of wildfire and stormy, rainy weather. Chapman and Anderson (1) 
have said, ‘‘It has been noted by all investigators of the disease and by 
tobacco growers that rapid spread invariably follows heavy rains. . . . 
These two agents (wind and rain) are undoubtedly the most potent of all 
factors involved in dissemination.’' Some workers have believed that heavy 
storms produce wounding, which facilitates invasion. J. Johnson and 
Fracker (7) reported that storms, especially beating rains, “have a very 
important relation to wildfire in that they favor infection to a high degree. 
The bacteria are often unable to infect leaves except through slightly 
wounded tissue such as may be produced by beating rain.” More recently, 
Clayton (2) has expressed the belief that storms are important in connec¬ 
tion with water-soaking. Tie feels that the occurrence of epidemit* wildfire 
is “conditional on storms of sufficient severity and duration to produce and 
maintain 'water-soaked areas on the leaves.” Unpublished observations of 
W. I). Valleau and E. M. Johnson indicate that, although outbreaks of wild¬ 
fire are often associated with rainy, stormy weather, every storm does not 
(M)ntribute to infection and spread. Prom the experiments reported here it 
is concluded that atomizing tobac(*o leaves with Bacterium tahacum pro¬ 
duces infection only if the stomata are open. The suggestion occurs that 
])erha}>s natural infection by bacteria carried in windblown rain may occur 
only when stomata are open. It has been observed that during some rain¬ 
storms stomata are open; during others, they are closed, depending perhaps 
on the light intensity. On July 6, 1939, at 3:30 p.m. there was a light 
shower; light was 800 foot-candles; stomata were open, K being .24. On 
July 20 it rained intermittently all morning; light was 600 foot-candles; 
stomata were open, K being .23. On July 28 it rained at 4 p.m.; stomata 
were open, K being .16. On July 29 it rained from 8 to 10 a.rn.; light was 
300 foot-candles; stomata were open, K being .25. However, on July 19, 
1939, when it rained at 12: 30 p.m., the light was only 100 foot-candles, and 
stomata were closed, K being .05. It cleared up in a short time; at 2 p.m. 
light was 2000 foot-candles, and stomata were open on some of the leaves. 
At 4:30 ]).m. it rained again, light was less than 100 foot-candles, and sto¬ 
mata were closed. Although there was little wind with these rains, it is 
conceivable that high winds accompanying such rains could dash drops of 
water with bacteria against leaves with sufficient force to drive some of the 
water into the leaf if the stomata were open, while similar storms might not 
produce infection if the stomata were closed. 

SUMMARY 

The experiments reported here indicate tliat in the greenhouse or field 
the stomatal condition of leaves is a factor determining the amount of infec¬ 
tion on leaves atomized with a suspension of Bacterium tahacum. During 
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the day the stomata are usually open, and atomizing produces heavy infec¬ 
tion on tender leaves of vigorous plants. At night or in artificial darkness 
stomata are closed or nearly so, and leaves atomized with Bacterium tabacum 
develop only a limited amount of infection (a few open stomata were always 
observed, even on plants in the dark). 

Kentucky Aoricultubaii Experiment Station, 

Lexington, Kentucky. 
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ATTEMPTS TO ISOLATE CERATOSTOMELLA ULMI FROM 
STORED ELM WOOD 

B. P. True and Stanley 8. Slow at a 
(Accepted for publication Nov. 22, 1939) 

Ceratostomella ulmi (Schwarz) Buistnan, the fungus causing the Dutcli 
elm disease, is known to sur\dve the death of the host long enoiigli to con¬ 
taminate elm bark beetles emerging from infected dead wwd. The pres(‘ut 
study was carried on in the hope of learning more about the longevity of 
C, ulmi in cut elm wood and some of the field conditions affecting it. 

In late September, 1936, infected living branches 1 to 4 inches in diameter 
were cut from several American elms affected by the Dutch elm disease. The 
branches were cut into 611 one-foot lengths and divided into 3 approximately 
equal lots for storage under different field conditions. Each lot was so se¬ 
lected as to include about one-third of the sticks from each tree. Lot 1 was 
placed on the ground in deep forest shade. Lot 2 was laid on the grass in an 
area unshaded, except for weeds which grew up and were cut during tJie 
middle of the summer. Lot 3 was placed on a rack 18 inches above the 
ground, where the sticks were in direct sunshine for the greater part of the 
day. All bark was removed from half of the pieces in each lot and peeled 
sticks were placed in groups beside the non-peeled in each of the three en¬ 
vironments. The side of each diseased stick, showing at the cut ends the 
most severe discoloration indicative of the Dutch elm disease, was marked 



1940] 


True and Slowata: Ceratostomella ulmi 


273 


for subsequent cultiiring. The pieces in each lot were laid so that the marked 
side of every other one was on top, while that of the alternate sticks was 
placed downward. Unfortunately, there was not time to attempt to isolate 
the fungus from each stick at the outset of the experiment. The distribution 
of the diseased wood is summarized in table 1. 


TABLE 1 .—jRecovery of Ceraiostomella ulmi from diseased elm wood stored variously 


Environment of stortjd stieks, position 
of discoloration cultured, and 

Number of 
diseased 

Percentage of sticks cultured 
yielding 0, ulmi after— 

condition of sticks 

sticks 

4 months 

20 months 

Woods ; 




Discoloration down— 




Bark off 

; 68 

73 

2 

Bark on. 

1 69 

95 

23 

Discoloration up— 

i 



Bark off . 

63 

29 

0 

Bark on . ! 

! 62 1 

1 

70 

8 

1 

Grass : 

Discoloration down— 

1 i 

1 

1 



Bark off . 1 

67 i 

i 39 

0 

Bark on 

63 i 

1 62 

2 

Discoloration up— 

Bark off 

1 62 

17 

0 

Bark on 

52 

4.3 

0 

Back: 




Discoloration down— 

Bark off 

59 

i 35 

4 

Bark on 

66 

j 86 

2 

Discoloration up— 

Bark off 

1 64 

I 

33 

0 

Bark on 

! 

87 

0 


Fifty similar pieces of non-diseased wood, 25 peeled and 25 non-peeled, 
were stored in each of the 3 environments as checks. 

In January, 1937, 4 months after the experiment was begrun, an attempt 
was made to isolate Ceratosiomella ulmi from one-third of the total number 
of sticks so chosen as to represent each condition of storage. After attempted 
isolation, the sticks were returned to their previous environments. In Blay, 
1938, 20 months after the initiation of the experiment, an attempt was made 
to isolate the fungus from all the sticks. The experiment was then concluded. 
On both dates isolation was attempted in two ways by placing chips cut from 
the wood and flooded briefly with hydrogen peroxide (a) into Petri dishes 
containing potato-sucrose agar, and (b) into Petri-dish moist chambers, where 
they were incubated for 3 weeks at approximately 60® P. If, during incu¬ 
bation, coremia developed on the chips, some of their spore-containing exudate 
was transferred to potato-sucrose agar to determine with certainty whether 
the coremia wore those of (7. ulmi or of closely related species tliat form some¬ 
what similar coremia. 
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Table 1 kSIiows the pereentages of the total numbers of cultured diseased 
sticks stored in each manner from which Ceratostomella ulmi was recovered 
after 4 and after 20 montlis. None of the check sticks yielded C, ulmi when 
cultured. While the mathematical siguificanee of the data in table 1 has 
not been tested, inspection of them leads to the following conclusions: (1) 
With the passage of time, C. ulmi was recoverable from fewer sticks. After 
four months’ storage only a part of the sticks (*ultured which were stored 
under each condition yielded the fungus. After 20 months, C. ulmi was 
recoverable from only a small percentage of all sticks, except those stored in 
the woods with tiie bark on and the side marked for culturing oriented down¬ 
ward. Twenty-three per cent of these still yielded (\ ulmi when cultured 
after 20 months’ storage. (2) Peeled sticks yielded C. ulmi in cojisistently 
lower percentages tlian non-peeled sticks after 4 months under all storage 
conditions. After 20 months the differences between peeled and non-peeled 
sticks W’ere slight or negligible, except for those sticks stored in tlie woods 
with the side marked for culturing oriented downward. Under these condi¬ 
tions only 2 per cent of the i)eeled sticks yielded C. ulmi, while the fungus 
was recovered from 23 per cent of the non-peeled sticks. (3) The effects of 
the place of storage and orientation of the side marked for culturing were 
shown with less consistency and were in many eases small or negligible. 

Division of Forest Pathology, 

Bureau of Plant Industry, 

U. S. Department of Agriculture. 

PHYTOPATHOLOGICAL NOTES 

Selenized Soil as a Control for Aphids and Red Spiders on Sorghum in 
the Greenhouse ,—Greenhouse studies on sorghum diseases are frequently 
complicated by infestations of aphids. Aphis maidis (Fitch), and red 
spiders, Tetranychus ielarhts (L.), to both of which pests sorghum is very 
susceptible. The effects of aphid and red-spider infestation on the plants 
frequently mask the symptoms of the disease being studied. Frequent fumi¬ 
gations and sprayings necessary for the control of these pests are laborious, 
expensive, and sometimes injurious to the plants. 

Hurd-Karrer and Poos' in 1936 controlled aphids on wheat, oats, rye, 
and barley in the greenhouse by adding 10 p.p.m. selenium as sodium 
selenate to the soil; both aphids and red spiders were controlled on wheat 
plants grown in nutrient solutions containing from 1 to 3 p.p.m. of selenium. 
Morris et al,^ reported control of I'ed spiders on corn grown in nutrient 
solutions to which 1 p.p.m, selenium w’^as added weekly. 

In September, 1939, the writer grew sorghum in 4 sections of a green- 

1 Hurd-Karrer, A. M., and P. W. Poos. Toxicity of Holcniimi'containiiiij plants to 
aphids. Science 84: 252. 1930. 

2 Morris, V. II., C. B. Neiswander, and J. D. Sayre. Toxicity of Kcloniuin containing 
plants to red spiders as a means of control. (Paper presented’ before the lOth annual 
meeting of tlie American Society of Plant Physiologists December 28-30, 1939, at Colum¬ 
bus, Ohio.) 
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house bench filled with Keyport clay loam to which had been added 0> 5, 10, 
and 15 p.p.m., respectively, of selenium in the form of sodium selenate, 
which was thoroughly mixeil into the whole mass of soil. Emergence was 
not affected by the selenium, but, after 2 weeks, the average height of the 
plants was reduced by the 3 selenium coJicentratious 19, 43, and 50 per cent, 
respectively, compared with that of the control without selenium. All at¬ 
tempts to infest these plants with aphids or red spiders were futile. The 
controls, however, became severely infested and were badly damaged. In a 
second planting in these same sections 3 months later, a reduction of 5 to 25 
per cent was observed in the height of the plants in the selenized soil, and 



Fio. 1. Control of aphids and red spiders on Pwiirf Yellow milo: Left, badly 
infested plants grown without selenium; right, noninfested plants grown in soil contain- 
2 p.p.m. of selenium. 
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the freedom from insect infestation persisted, although the controls became 
heavily infested. 

Similar plantings also were made in soil containing 2, 3, and 4 p.p.m. of 
selenium. Measurements made 4 weeks after emergence showed no reduc¬ 
tion in height of plants in the selenized soil. The controls, grown without 
selenium, soon became heavily infested with both aphids and red spiders. 
In the soil (?ontaining 2 p.p.m. selenium, red-spider infestation was observed 
after 8 weeks, but no injury was evident. The plants were green and 
healthy, while the controls without selenium were stunted and badly dis¬ 
colored (Fig. 1). After 14 weeks the plants grown in soil containing 2 
p.p.m. selenium showed some evidence of red-spider reproduction and in¬ 
jury. Those grown in soil containing 3 p.p.m. selenium showed some in¬ 
festation but no apparent injury, while those in soil containing 4 p.p.m. 
selenium remained free from red spiders and aphids. The Leoti sorgo 
grown in the selenized soil had formed normal heads and seed after 14 
weeks, while, in the control soil, the plants were stunted and had produced 
no heads. 

The length of time that one application of selenium to the soil will 
provide protection against aphid and red-spider infestation, and the opti¬ 
mum time, manner, and rate of applying additional selenium remain to be 
determined. It remains to be determined also what effect, if any, the 
selenium may have on the development of the several diseases of sorghum. 
It was noted that i^rghum root rot developed as abundantly in the selenized 
as in the nonseleuhied soil, which indicated that the selenium did not inhibit 
the development of this disease. 

It should be emphasized that selenium is extremely poisonous to man and 
other warm-blooded animals and, therefore, under no circumstances should 
it be used as here described in connection with plants intended for other 
than experimental purposes.— R. W. Leukel, Division of Cereal Crops 
and Diseases, Bureau of Plant Industry, United States Department of 
Agriculture. 

Sectoring in Colonies of Aplanobacter stewarti, —For the purpose of 
stimulating dissociation, 5 single-cell cultures of Aplanobacter stewarti have 
been used during the past year in daily serial transfers to different brotji 
combinations and reactions, and daily platings have been made on beef- 
peptone agar. These 5 cultures produce wilt lesions on com and develop 
on beef-peptone agar as typical yellow colonies, but they differ more or less 
in pathogenicity and in physiological reactions. After alternating periods 
of daily transfer and of ageing, no dissociation was observed on beef agar; 
but, on potato-dextrose-agar slants of culture No. 3b6, pure white areas 
developed in the yellow growth. Platings on potato-dextrose agar from 
the same broth cultures gave numbers of colonies nearly all of which were 
secftoring for color and possibly other characters. On 1 plate there were 
3 colonies, 2 of which had lighter yellow sectors and 1 with a pure white 
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sector (Fig*. 1). On the second plate were 50 colonies, a few pure yellow 
and a few pure white without sectors; but most of the colonies had 1 or more 
sectors of different shades of yellow or white. Three colonies on the first 
plate and 20 on the second were selected for further study. Transfers were 
made from each colony and from 1 or more sectors in that colony, mafeing 
53 transfers. Each of these transfers was replated for purity on potato- 
dextrose and beef-extract agar. 



Fi(j. 1. 8o('toring colony of Aplanobaeter alewarti .18A3l)6 (single-coil isolation). 
Plato I, colony I. On potato-dextrose agar. Yellow colony with pure white sector. 
Photographed on April 17, 1939. A. Yellow colony. B. Pure white sector. C. White 
streaks, v 4. 

From 2 pure white colonies without sectors, only white colonies were 
obtained. From 9 transfers from white colonies without sectors, white 
colonies with yellow sectors and white sectors in yellow colonies, all but 2 
gave pure white cultures. One transfer from a white colony without any 
apparent sectors gave a few yellow in many white colonies. One transfer 
from a white sector in a yellow colony gave 1 yellow in many white colonies. 
Platings from 4 light yellow (almost white) colonies or light yellow (almost 
white) sectors gave eitlier light yellow colonies, white and yellow, or yellow 
colonies. Four yellow colonies, which had white sectors, gave only yellow 
colonies. Thirty platings from yellow sectors in light yellow colonies, yd- 
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low colonies, with light yellow sectors, yellow sectors in yellow colonies, and 
yellow colonies with yellow sectors gave white colonies in only 2 plates. 
Pure yellow colonies without sectors gave only yellow colonies. Thus some 
white colonies remained white, most yellow remained yellow, some light 
yellow segregated into white and yellow, while others remained light yellow 
or resumed the typical yellow of this species. 

When inoculated into corn and reisolated froitt wilt lesions, white cul¬ 
tures remained white and yellow came out yellow. 

The parent single-cell culture No. 3b6 is only weekly virulent, while 
the other 4 single-cell cultures are virulent. In 4 tests for pathogenicity 
with the 53 transfers of white and yellow colonies or sectors, there was no 
evidence that any of these cultures from sectoring colonies of 3b6 was more 
virulent than the original culture. 

The 3b6 parent culture also differs from the other 4 single-cell cultures 
in that the reaction in litmus milk is sufficiently alkaline to produce a blue 
color, which darkens as the culture ages. All of the other 4 cultures are 
slightly acid in litmus milk, producing a pink color without curdling the 
milk. This is the typical reaction for Aplanohacfcr sfnvarti. The 53 
transfers from white and yellow colonies and sectors when grown in litmus 
milk all produce the blue color typical of the parent strain 3b6. Variation 
in this instance appears to be for color only, the organism remaining stable 
as far as other characters tested ar(‘ concerned.— (I’iiarlotte Eliaott and 
Alice L, Robert, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture. 

A Specimen-envelope Folder ,—^Many laboratories and herbariums use 
specimen envelopes. When these are made by the usual technician or labo¬ 
ratory assistant they may vary considerably in size and shape. 

A mechanical device that gives uniformity of envelope has been in use 
in our laboratory and is here illustrated and described. It is suited for 
making envelopes 3J x 5*} in. from 8^9 in. paper. Tlie same general pattern 
can be modified to make envelopes of any desired size. The apparatus is 
of simple and easy construction and was designed by the late D. S. Giddings 
of our laboratory. 

The device consists of a firm back, lO x 11 in., of fiber board or thin 
wood on which guide blocks are to be fastened, and two iron plate folders. 
A white covering of paper or thin cardboard is to be fastened back. 

It is bc^st first to make a drawing showing where the wood blocks are to be 
fastened. 

To this flat back, thin blocks of wood are nailed. In our folding device 
these blocks were cut from the rounded ends of 12-in. pot labels IJ in. wide. 
Three different lengths of these blocks are recpiired: 4 blocks 2| inches 
long (Pig. 1, A); 2 blocks 2^ inches long (Fig. 1, B); 2 blocks IJ inches 
long (Fig. 1, C). 

In placing the blocks A, B, and C, extra space of ^ in. should be allowed 
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for all distances between blocks. This will provide room for operating the 
folders and placing the paper. 



Fig. 1. (5(*iioral view of Bpoehnon envelope folder: A, B, jind 0 represent blocks 
nud show their relation to the iron ]date folder, to the paper, and to the first folds of 
the envelope. The upper fold is cut to show the position of the upper blocks, A and B. 



Fig. „ xi chow blocks in position on back board and their relation to second 

iro»' "late folder and envelope, one end of which is already folded. 

The two rectangular iron folder plates are shown in place in figures 1 
and 2. They are made from thin galvanized iron and are each provided 
with a handle. The long edges of the plates are ground ou the upper side 
to form an angled edge to give the folded paper a sharp crease. They are 
each 10 in. long, the same size as the width of the apparatus. The narrow 
folder is 3J in. wide, the width of the envelope to be made. Figure 1 shows 
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this folder in position where it is to assist in the making of 2 folds in the 
paper. The lower fold is already made. The top of one part of the en¬ 
velope paper is in position unfolded (Pig. 1), while, at left, the portion is 
folded in the manner that the uncut sheet would be practice. The 
second or wide plate folder for making the 2 end folds of the finished en¬ 
velope, is 5| in. wide and equals the length of the folded envelope. Figure 
2 shows it in position and one end of envelope already folded. It is more 
convenient to make folds in a number of envelopes with the first folder 
before completing the end folds with the second.— Clayton 0. Smith, 
University of California, Citrus Experiment Station, Riverside, California, 

The Chilean Tomato^ Lycopersicon chUense, Fonnd Resistant to Curly 
Top. —In the February issue of Phytopathology for 1939, P. 0. Holmes^ 
published a note on the Chilean tomato, Lycopersicon chilense Dun., as a 
possible source of disease resistance. Through his kindness cuttings of this 
species were obtained for the purpose of testing their reaction to curly top. 
They grew well, and it was possible to get many plants from them. 

The first test was conducted in the University greenhouse at Moscow, 
Idaho. Beet leaf hoppers {Evttetix tenelhis Baker), which had been fed 
on curly-top sugar beets, were placed on 2 Lycojjersicon chilense plants and 
on 2 tomato plants of the variety Earliana. Cages were placed over the 
plants to keep the insects confined to them. The leaf hoppers were left for 
48 hours before their removal. The two Earliana tomato plants became 
severely diseased with curly top and died, whereas the L. chilense plants 
remained healthy, and no symptoms of the disease were observed. 

The second test was conducted in the field at Buhl, Idaho, where curly 
top is usually severe every year. Small Lycopersicon chilense plants, 
started in the greenhouse from cuttings, were transplanted to the field. 
After they had established themselves beet leaf hoppers were caged on 3 
of the plants. These leaf hoppers had been fed on diseased sugar beets 
prior to placing them on the L. chilense plants. The cages were removed 
after several days. No symptoms of curly top developed, and the plants 
grew luxuriantly throughout the season. No natural infection occurred on 
them, as did on the common tomatoes growing in the same field. 

It appears that Lycopersicon chilense is resistant to curly top, and an 
attempt is being made to incorporate this resistance in several varieties 
of the common tomato.— ^Walter J. Virgin, University of Idaho, Moscow, 
Idaho. 

1 Holmes, F. O. The Chilean tomato, Lycopersicon chilense, as a possible source of 
disease resistance. Pbytopath. 29 : 215-216. 1939. 



EVIDENCE FOR THE IDENTITY OP THE YELLOW-SPOT VIRUS 
WITH THE SPOTTED-WILT VIRUS: EXPERIMENTS WITH 
THE VECTOR, THRIPS TABACI^ 

K. Sak.imuba 

(Ace<»pted for publication October 16, 1939) 

In June, 1937, an outbreak of a tomato disease, indisting:uisliable from 
spotted wilt, was observed b}’^ G. K. Parris of the Hawaii Ajrricnltural Experi¬ 
ment Station, in a small field on the island of Oahu, Hawaii (31). To iden¬ 
tify the eansal virus and to obtain evidence for the coidentity of the tomaio 
spotted-wilt virus with the pineapple yellow-spot virus,^ which has long been 
established in Hawaii, a project was started jointly by the Hawaii Agricul¬ 
tural Experiment Station and the Pineapple Experiment Station. Parria 
undertook symptomatological studies and mechanical transmission tests, and 
his (lata are presented in a concurrent paper (32). The writer (ionducted 
experiments on insecd transmission of Y.S. virus to tomato and various other 
j)Iauts. Data are f)resent(Hl here showing that Y.S. virus is the causal agcnit 
of the tcnnato disease ajid that the host range and symptoms of the two viruses 
are similar. 


REVIEW OP LITERATURE 

Brittiebank (9) recoi’ded the first appearance, in 1915, of tomato spotted 
wilt in Victoria, Australia. Pittman (33). Samuel ct ah (37), and Bald ei aL 
(5) in 1927, 1930, and 1931 d('inonstrated that the virus is transmissible by 
Thrips tabaci Lind, and FranklinitUa lycopersici And. (3) and also by the 
nibbing method of me(‘hani(*al inomilation with expressed plant juice. The 
specific relationsliips betwecm the virus and vectors, longevity, and heat re¬ 
sistance of the virus m vitro, and many host plants were reported. 

Smith (41, 42), in 1931 and 1932, discovered the same virus in England, 
where Thrips iabaci is the sole Awtor, and reported on the filterability of the 
virus and its host plants. Furthermore, Moore (30) in 1938 discussed the 
possible coidentity of Kromiiek disease in South Afri(*a, which is transmis¬ 
sible by Frankliniella sp., with spotted wilt. Her final coiu'lusion on this 
and referen(»e to tlie specific vectors, F. schultzci (Trybom) and T. tabaci,* 
by B. E. Aiiderssen, both of whi(*h will be published shortly, were citol by 
Carter (13). Since 1929 the same virus has been discovered in California,. 
Wisconsin, and Ontario (7, 10, 22, 40). Gardner ri nl, (18, 19, 20) in 1934,^ 
1935, and 1937 reported from California its transmission by 1\ tabaci and 

1 PublislK^d witl) approval of the Director as Technical Pa]>er Xo. 129 of the Pine¬ 
apple Kxporimeiit Station, IlnivfTsity of Hawaii. 

2 This investigation was conducted under the general direction of I)i\ Walter darter. 

3Hereafter the spotted-wilt virus will bo referred to as S.W. virus; the yellow-spot 

virus as Y.S. virus. 

The addition of T. lahaei is, with his pennission, directly cited from an oral com¬ 
munication. 

2<S1 
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Frankliniella moultoni Hood® together with a long list of host plants. Me- 
Whorter and Milbrath (27, 29) stated that the virus of tomato tipblight, 
known in southern Oregon since 1931, is very closely related but distinct from 

S. W, virus, although it is transmitted by T, tabaci also.® 

In addition to the above references, there are more than 100 papers deal¬ 
ing with economic significance, new invasion or distribution, and host range 
in Australia, Europe, Africa, and North America.’ India is also included in 
the distribution data (26). The known host range is very large and a total 
of 101 host plants was enumerated by Smith (45) in his latest review. This 
number of hosts of a single virus is exceeded only by those of curly-top, aster 
yellows, tobacco mosaic, and cucumber mosaic. Many other valuable contri¬ 
butions have been recently published concerning t*hemical and pJiysical prop¬ 
erties and serological response of the virus, epidemiology of the disease, and 
environmental effects on symptom manifestation. 

Linford (25) in 1932 published an account of pineapple yellow spot, which 
had been known in Hawaii since 1926. The ^ii'iis was demonstrated to be 
transmissible bj" T. tabaci. The specific relationships between the virus and 
vector were found similar to those of S.W. virus. Preliminary experiments 
on mechanical transmission to pineapple were reported as being negative. 
Later, Carter (11) reported a single successful transmission by the needle 
puncture method. In addition to pineapple and Emilia sonchifolia DC.,^ a 
major weed host of the virus, Linford (24) added pea to the host list. He 
also prepared in 1931 a manuscript^, which still remains unpublished, but 
citation of which was granted, on the host range and symptoms. In the 
manuscript he mentioned that the virus was experimentally transmitted by 

T. tabaci to 17 other species of plants (his complete list has been cited in 
another i)aper (35)), including pepper, tomato, tobacco, and eggplant. 
Symptoms on some plants were described in detail and on otliers, \ery briefly 
Kitamura^’ mentioned 6 susceptible plants including one addition to the host 
list. 

Linford recognized the close similarity between Y.S. and S.W. viruses 
with respect to the vector and the specific reIationshii)s between tlie vector 
and virus (25), but only a partial similarity witli resjieet to the symptoms 

5 Inclusion of F. occidentalis Perg. as the vector (17), according to a ])rivate cor¬ 
respondence from Hr. S. F. Bailey, University of California, is a matter of different yiew 
on classification of the species. Permission was granted to cite his unpublished data. 

« T. tabaoi was reported in a recent paper (Chamberlain, E. E., and G. G. Taylor. 
N, Z. Jour. Sci. and Tech. 20; 133A-142A. 1938) to be the vector of S.W. virus in New 
Zealand. 

Hr. A, S. Costa, Institute Agronomico do Estado de S. Paulo, Campinas, Brasil, re¬ 
cently informed the writer that the virus of ^ * Vira cabeca * * of tobacco and tomato, widely 
distributed in Brasil, has been proven to be identical with S.W. virus; that the vector is a 
species of FranJcliniellap possibly F, paucispinosa Moulton, which is also known to be the 
vector of **Corcova^' of tobacco and tomato in Argentina. (Fawcett, G. L. Est. Exp. 
Agr. Tucuman Cir. 60. 1938). Identity of ‘^Corcova'^ with Vira-cabeca'^ and spotted 
wSt has not been reported. 

7 Hereafter Emilia soncMfoUa DC. will be referred to as Emilia. 

« Linford, M. B, Some hosts and symptoms of pineapple yellow spot. 

® Kitamura, F. T. The influence of host sequence on the efficiency of Thripa tabaci 
land, as a vector of the yellow-spot virus of pineapple. Thesis, Univ. of Hawaii. 1936. 
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and host range.^® However, he was unable to come to any conclusion as 
to their coidentity from his data. Smith (42, 45) speculated on the probable 
identity of the two viruses. Although their coidentity has thus been long 
postulated, it has still remained to be verified with further proofs. Recently, 
th>e following new data further suggesting their eoidentity have been re¬ 
ported. Gardner et aL (19) and, later, Whipple (49) reported transmissions 
of S.W. virus to Emilia, and Whipple stated that the symptoms were almost 
identical with those of Y.S. virus. Linford (24) stated that the symptoms 
of Y.S. virus on pea were similar to streak in the continental United States, 
and, later, Whipple (49) and Snyder ef aL (46) transmitted S.W. virus to 
garden and sweet peas and concluded that this virus is a causal agent of 
streak. It is induced from the above that the symptoms of the two viruses on 
this host must be similar. Lewcock (23) and Carter (13) observed a i)iiie- 
a])ple disease identical with yellow spot in Queensland and South Africa, 
where S.W. virus was well established. Although neither of them presented 
any experimental data, there is little doubt that the causal agent is S.W. virus. 

Finally, Parris (32) demonstrated that Y.S. virus was readily transmitted 
to toiiiato, Emilia, and potato by the carborundum iiiethod of mechanical in¬ 
oculation, and this first accomplishment of mass mechanical transmission con¬ 
tributed an important direct evidence for the coidentity of the two viruses. 
He concluded that the tomato disease obseiwed in Hawaii is caused by Y.S. 
virus. 


FIELD OBSERVATIONS 

Emilia plants were found growing abundantly in the tomato field, where 
the outbreak of the disease was observed. Random samj)les of these Emilia 
plants showed very high populations of Thrips iahaci (6.81 per jdant) and 
incidence of virus infection (79.8 per cent) among them, whereas populations 
of T, iahaci on tomatoes were negligible (0.23 per sample of twigs collected). 
The symptoms on tomatoes Avei*e indistinguishable from those of spotted wult 
and the symiitoms on Emilia from those of yellow spot. 

Subsequently, the field Thrips iahaci from these Emilia samples were 
transferred to 12 each of noninfected Emilia and pineapple seedlings. Ten 
each of both plants were infected, showing the presence of a very high i>er- 
centage of viruliferous insects in the field. The symptoms appearing on 
Emilia and })ineapple were identical with those of yellow spot. These field 
observations and preliminary experiments suggested that the virus pi*esent in 
the tomato field was Y.S, virus, tliat the infection of tomatoes was also due to 
the same virus, and that the symptoms of Y.S. virus on tomato were similar 
to those of S.W. virus. 

MATERIALS AND MCTIIODS 

Insects, Noninfective stock colonies of Thrips iahaci were established 
from adults collected on field onions which are noususceptible to Y.S. virus, 

Sec footnote 8. 

See footnote 9. 
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and were maintained on Emilia or onions throughout the experiments. The 
noninfectiveness of such colonies was frequently checked. 

Virus, Emilia infected in the field by Y.S. virus was taken as the original 
source of the virus. The infective colonies of thrips were established on such 
plants by transferring insects from the noninfeetive colonies. Infected 
Emilia and tomatoes collected in the tomato field, where the outbreak of the 
disease was observed, were also employed. 

Plants, Emilia was constantly used as the indicator plant, and pineapple 
seedlings also were used in the experiments with tomato. Tomato and 21 
other species of plants were used in the host range experiments. The variety 
of tomato used throughout the experiments, excepting those specified in the 
varietal experiments, was Marglobe. 

Noninfected plants were grown from seeds, except EmiliOf which was 
freely propagated by cuttings, and were used while they were young. They 
were planted singly in tin cans and covered individually by various types of 
insect-proof cages that confined the whole plant. A tall cylindrical celluloid 
cage, 3 by 18 inches, with 6 large cloth-covered windows, was found satisfae- 
tory for young tomato seedlings. The plants were kept in a gi-eenhouse with 
open sides. 

Methods, Methods of handling the vector differed from tlmse employed 
by former workers (25, 37, 42). Insects to be transferred were shaken off 
from source plants onto black paper and sucked into medium-size reservoir 
vials, from wdiich random individuals were then sucked into small vials, 15 
by 25 mm., that were inserted directly into the cages containing the test plant. 
In most cases 5 insects were transferred per plant. For localized feeding, tlie 
felt-cage method (34) was employed. These operations were performed in 
small laboratory rooms, which were thoroughly sprayed after every unit of 
transfer. Other routine precautions were taken to avoid coifusion of insects 
from different sources. 

It is knowTi that the virus is not retained through the egg stage; the adults 
are unable to become infective de novo; and the incubation period within the 
vector usually lasts until after the insect’s emergence (5, 25, 42). Therefore, 
for acquiring or recovering the virus from infected source plants, noninfec- 
tive young larvae were transferred and allowed to feed on such plants during 
their entire larval period. For transmitting the viims, freshly emerged adults 
from infected source plants were transferred to test plants. 

TRANSMISSION OF THE YELLOW SPOT VIRUS TO TOMATO 

The first experiment was to produce the symj)toms of Y.S. virus on tomato. 
Sources of the virus were twofold, one from the yellow-spot-infected Emilia, 
and the other from the infected Emilia collected in the tomato field where the 
outbreak of the disease was observed. Yoinig larvae from a noninfeetive 
stock (?Qlony were transferred to these plants, and adults emerging from these 
respective colonies were transferred to Emilia, pineapple, and tomato test 
plants (Table 1). Tomato, even when young, was found to be an unsuitable 
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TABLE 1 .—Trammmion of ihc viru^, hy Thrips tahctciy from yeUoW'Spot4nfected 
MmUia and infected Emilia coUeeled in the tomato field where the outhreah of the disease 
was observed 





No. of test plants 


Source 
of virus 

Test 

plants 


From Emilia to 

1 

Transmission 
back to Emilia 
from tomato 


Emilia 

Pineapple 

Tomato 

Yellow-spot- 

infected 

Tested 

10 

10 

10 

40 

Emilui 

Infected 

6 

2 

; 5 

1 

Infected 

Emilia from 
the tomato 

Tested 

10 

10 ! 

10 

51 

field 

Infected 

10 

9 1 

7 

16 


food plant for Thrips tahaci under experimental conditions. 

Cross transmission tests back to Emilia were all positive (Table 1). 
Preslily emer{?ed adults from the colonies established on the experimentally 
inf(‘eled tomatoes were transferred to Emilia test plants. The lower per- 
eenta^re of infection in the yellow-spot-infected Emilia p*oup may be duo to 
the airing of the infected source plants. 

The symptoms produced by the virus from the 2 different sources were 
found to be indistinguisliable on Emilia^ pineapple, and tomato. This clearly 
indicates that the virus present among Emilia in the tomato field is none 
other tlian Y.S. virus, confii*ining the data of the preliminary experiment. 
The symptoms i)roduced by Y.S. virus on tomato were found to be identical 
with those on the field-infected tomato and also with those of spotted wilt. 

In addition to the above experimental infections, 70 out of 263 tomatoes 
of various varieties also were infected. The varieties used besides Marglobe 
were Break ODay, Burbank. First Early, (llobe, Ponderosa, Pritchard, Red 
Plum, Rntgars, Stone, and currant tomato (Lycopersicum pirn pin ellifolium 
Dunal). It was observed that all varieties were susceptible and that their 
syjiipto])is did jiot vary significantly. 

SYMl’TOMS ON TOMATO 

Symptoms on field-infected tomatoes and on plants experimentally in¬ 
fected by mechani(‘al inoculation were fully described by Parris (32), 
Therefore, characteristic points observed by the writer on plants exi)eri- 
mentally infected by means of the vector are briefly given as follows: 

Primary lesions w^ere not obseiwed. Downward curling of leaves and in¬ 
ward rolling of leaflets appear first. Bronzing (Fig. 1, A)—^round or irregu¬ 
larly shaped spots, single or concentric rings, zonal ion, network along vein- 
lets, midrib or lateral vein banding, or large bloteliing—appears suddenly on 
young leaves and rapidly advances to dark grayish-brown necrosis with or 
without zonation (Fig. 1, B, C, D, B). Diffused chlorbsis appears along 
margin of necrosis. Affected leaflets or leaves wither and drop with the ad¬ 
vancement of necrosis on laminas and petioles. Bronzing, then necrosis in 
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a streak form appears on stems, especially at or near terminals causing: an 
appearance of die-back (Pig. 1, P). Stem necrosis sometimes kills plants if 
infected when young. Growth is stunted but is later restored and lateral 
shoots appear. On these aged plants, leaf distortion and yellowish mosaic 
mottling appear together with occasional bronzing and necrotic symptoms. 
Concentric rings of water-soaked sub-epidennal tissue or of dark purplish- 
brown superficial pigmentation appear on green fruits, and concentric rings 
or diffused large round spots of orange yellow on a red ground on ripe fruits. 
When numerous, these ring spots coalesce. Some fruits on apparently in¬ 
fected plants fail to sliow any s>unptoms. 

The infrequency of bi'onzing as a symptom of yellow spot compared with 
spotted wilt, first observed by Linfordand again by Parris (32) and the 
writer, seems t6 be due to the rapid advancement of necrosis over bronzed 
areas. The writer, however, is convinced that this difference can be entirely 



Fig. 1. fiyinptoms produced by tlie yeHow-spot virus ou tomato, experimentally trans¬ 
mitted by Thripa tahacA. A. Bronzing. B. Necrotic spot with concentric zonrition. C-D. 
Necrotic midrib banding, blotching, and round spots with zonation. F, Necrotic round 
spots and rings, and veinlet necrosis. F. Necrosis on the petiole and stem at the tip. 

attributed to the diifereut climatic conditions under wliicli tJie transmission 
occurred, but not to any difference between the two viruses. This opinion 
is based on the know^n facts that the symptoms of S.W. virus are variable 
under different climatic conditions (8, 38,19, 30, 37, 38). 

RECOVERY OP THE VIRUS PROM PIELD-INFEOTED TOMATO 

The next experiment was to recover the virus from field-infected tomatoes. 
Young larvae from noninfective sto(‘k colonies were transferred to the infected 
gi*een or ripe fruits and to the twigs bearing fresh or aged symptoms, all of 
which were kept iu large test tubes. The twigs bearing fresh symptoms from 
plants grafted with field-infected scions also were employed as source mate¬ 
rials. Adults that emerged from these source materials were transfex^red to 
Emilia, pineapple, and tomato test jdaiits (Table 2). A very high mortality 
of larvae on twigs of grown plants w^as observed. Cross transmission tests, 
with a similar procedure to that of the foregoing experiment, from the experi- 
12 See footnote 8. 
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mentally infected Emilia to tomato and also to Emilia and pineapple test 
plants were all positive (Table 2). 


TABLE 2 .—TranfimMon of the virus, hy Tlirips tabdci, from field-infected tomato 




No. of test plants 

Source of virus 

Tost 
plants , 

From tomato to 

Transmission back from 
Emilia to 



Smilia 

Pine¬ 

apple 

Tomato 

Emilia 

Pine¬ 

apple 

Tomato 

Fruits: 


1 




1 

1 


Groon 

Tested 

54 

39 j 

72 

31 

16 

15 


j rif ected 

14 

0 

3 

25 

15 ; 

8 

Ripe 

Tested 

10 1 

10 

10 




Infected 

i 0 

0 

1 0 1 




Twigs ; 


1 1 


i 

! 




With fresh 

Testiul i 

1 10 1 

! 


15 i 

5 

5 

symptoms i 

Infected i 

1 3 

1 


12 

4 

3 

W^’ith aged 

Tested 1 

39 1 

33 : 

52 

1 



symptoms 

Infected 

0 1 

0 

0 




'J^vigs from 


i 






plants grafted 
with deld- 

! Tested 

57 

35 

35 




infeett'd scions 

Infected 

11 

1 ’ 

8 ; 

i ^ 





Similar to the findiiij?s with S.W. virus (1, 5), the virus was not recovered 
from ripe fruits and Iwijis with ajred symptoms. The comparatively lower 
percenta^^e of infection in this experiuient seems to be attributable to unsuit- 
ableuess of source plants for insect feeding: and to loss of potency of the virus 
undei* certain conditions of the source plants. The symptoms produced on 
Emliia, pineapple, and toiuato were indistinguishable from those of the ex¬ 
perimentally infcided plants by Y.S. virus in the foregoing experiment. 
These data on the recovery togetlier with those on the transmission of Y.S. 
virus are adequate enough to conclude that the causal agent of the tomato 
disease in Hawaii was the hmg*established V.H. virus, and not any other 
newly imported agent. Furthermore, it is definite that the symptoms of 
yellow spot on tomato arc identical wdth those of spotted wilt. 

HOST RANGE 

Host range and symptom expression of a virus are taken as two of the 
criteria for its identification or classification. Here, the symptoms of Y.S. 
virus produced on various plants were directly compared with the published 
descriptions of the symptoms of S.W. virus. Twenty-one species of plants 
were tested, all but 5 of them crop plants. Neaj*ly all of the crop plants of 
known status for the susceptibility to S.W. virus are included. 

Experimental Procedures. Infective adults were transferred to test 
plants; The first lot, by freeing 5 adults directlj’^ into the cage; the second lot, 
by confining a single adult in the localized feeding felt cage (34), fastened 
on a young leaf for the purpose of detecting primary lesions; the third lot, 
by freeing 5 adults directly into the cages containing Emilia check plants in 
order to ascertain the infectivity of the insects (mostly, 10 plants for a single 
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unit of transfer). As a check for differentiating mechanical feeding injuries 
and symptoms, another lot of equal numbers of plants was similarly fed on by 
noninfective adults with both the free and localized feeding methods; uon- 
infested check plants were kept in large numbers. 

Recovery tests of the virus from the experimentally infected plants always 
were made, except on a very few plants on which larvae could not suiwive. 
Adults that emerged from the colonies established on the infected plants were 
retransferred to Emilia test plants. To ascertain the presence of masked 
sjnnptoms or nonsuseeptibility of plants, a similar tiansfening was made also 
from nonsymptom-bearing plants that, apparently, had beei] fed upon by 
infective insects. The carborundum method of mechanical inoculation was 
substituted in one case. 

Numerical data are presented in table 3, with the combined figures of the 
infection by the free and localized feedings. The figures on the Emilia check 
lots, the noninfective adult check lots, and the ret'overy tests from infection- 
escaped plants of suscepts are omitted. The degree of susceptibility for in¬ 
fection and suitability uf the plants for insect feedings are summarized in 
the table. 

Symptoms, The symptoms produced by Y.S. vims on broad bean, celery, 
potato, tobacco, Nicoiiam glufinosa L., Datura stramonium L., petunia, and 
lettuce were found to be identical with those of S.W. virus. The character¬ 
istic symptoms on the respective plants are summarized in table 4. The sus¬ 
ceptibility of Datura stramonium to Y.S. virus was first repoi’ted by Kita- 
mura,^'* but the symptoms he recognized did not agree with those of S.W. 
virus. Contrary to his findings, however, the sjnnptoms observed in the 
present experiment were found to be fully identical. 

Descriptions of the symptoms of spotted Avilt on spinach, cJiicojy, and 
endive, all susceptible (20), have not been heretofore published, making it 
impossible to compare with tlie symptoms of yellow spot; descri])lious of the 
symptoms on eggplant and bell ])epper are extremely brief (t3, 41, 42) and 
critical comparisons also are impossible. However, the symptoms on the 
latter two produced by Y.S. virus were found to be of the same as those 
described of S.W. virus. The symptoms o»i these 5 species of plants pro¬ 
duced by Y.S. virus are described as follows. 

Spinach, Primary lesions were not observed. Systemic symptoms ap¬ 
pearing on heart leaves are scattered, small grayish-brown necrotic spots 
(Pig. 2, C) or dense massing of small brown neeroti(? speckliiigs, marginal 
wilt, and necrotic streaks on i>etioles, all of which advance to kill leaves. 
Other associated symptoms are malformation, distortion, crinkling, marginal 
curling of leaves, and bending of petioles and midribs (Pig. 2, D). Growth 
is stunted. Necrosis advances very rapidly to outer old leaves and to roots, 
and then plants are killed in 10 to 20 days. 

Eggplant, Primary lesions are at first large, diffused chlorotic spots 
(i to I inch in diameter) with a small, faint brownish center (Pig. 3, A), and 

13 Bee footnote 9, , 
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TABLE 4 .—Summary of characteristic symptoms produced hy the yelloic-spot virus, experimentally transmitted by Tlwips tahad under greenhouse conditions 
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Pkj. 2. Symptoms produced by tlie yellow-spot virus, experimentally transmitted by 
Thrips iahacL A-ll, Primary lesions on broad bean. Zonate necrotic spots on the 
laminas, and necrotic streak on the stem. C5-D. Kocrotic spots, marginal wilt, and ab* 
normalities of the heart leaves of spinach (systemic). E. Necrotic spots with marginal 
clilorosis on the leaflets and necrotic pockets on the stem and petiole of celery (systemic). 
P. Necrotic spots with concentric zonation on potato (systemic). 
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Fig. 3. Symptoms produced by the yellow spot virus, experimentally transmitted by 
Thrips tahacL A-B. Primary lesions on eggplant. Olilorotic spots advance to necrosis ; 
B, enlarged. OE. Bell pepper. C. Primary lesion. Enlarged zonat^ necrotic spot. 
I>~E. Systemic symptoms: yellow mosaic mottling and coalescence of yellow and green 
concentric rings. P-L. Tobacco. F-H. Primaij lesions: concentric necrotic rings and 
zonate necrotic spot with darker margin (F and H, enlarged), I-L. Systemic symptoms: 
I. Coalescence of zonate necrotic spots with darker margin. J. Coalescence of concentric 
necrotic rings and necrotic vein-outlining. K, Necrotic vein-outlining combined with vein 
necrosis. L. Abnormalities of the terminal loaves. 
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then a few broken, concentric bronze rinjgs appear along outer margin which 
later rapidly advance to dark grayish-brown necrotic rings. Some necrotic 
rings advance to form solid spots with concentric zonation (Fig. 3, B), and 
otliers remain without further advancement after the chlOrotic-spot stage. 
Leaves remain attached, and old necrotic spots sometimes show a broken, zig¬ 
zag-outlining necrotic ring. Growth is slightly retarded. Systemic symp¬ 
toms were not detected. 

Bell Pepper. Primary lesions are at first large, diffused chlorotic spots 
(i inch in diameter) and later advance to dark grayish-brown necrosis with 
concentric zonation, sometimes showing concentric outer bronze rings (Fig. 
3, C). Systemic symptoms appearing on terminal young leaves, which are 
slightly distorted, are mosaic mottling with dense coalescence of small rings, 
spots, and concentric zonation, and show hardly any necrosis (Fig. 3, D). 
Later, very occasional leaves show, sporadically, other striking symptoms of 
coalesced, very large concentric chlorotic rings (J to 1 inch in diameter) (Fig. 
3, E), or of single or coalesced, large, thick chlorotic rings (J to 2 inches in 
diameter) with diffused outer margin. Growth is slightly retarded. Some¬ 
times fruits bear the symptoms of the concentric chlorotic ring type, resem¬ 
bling those on tomato fruits. 

Chicory and Endive. Primary lesions were not observed. Systemic 
symptoms appearing on heart and young leaves are datk grayish-brown 
ueci'otic blotching at tips (die-back type), along margins and midribs, and in 
iutciweinal small areas (Fig. 4, F, Q, H). Bending, curving, distortion, and 
yellowing are associated. On chicory, necrosis hardly expands and gro’Wth is 
only slightly hindered. On endive, however, necrosis expands rapidly under 
humid conditions and kills leaves; growth is severely retarded but plants 
are not killed. 

Nonsusccptible Plants. Commelina nvdiflora L. is infected by a mosaic 
in Hawaii, and this virus was experimentally transmitted by 3 species of 
aphids to pineapple (12), w^hich is also susceptible to Y.S. virus. Attempts 
were made to demonstrate the possible relationships, if any, between both 
viruses and vectors. 0. nudiflora and C. venghalensis L., which have not yet 
been tested for their susceptibilities to S.W, virus, were not infected by Y.S. 
virus. Another line of experiments (Table 5) indicated that Commelina 
mosaic was not transmitted by Thrips iabaci and that Y.S. virus was not 
transmitted by Aphis gossypii Glover, which is one of the vectors of Com¬ 
melina mosaic, and that Emilia was not susceptible to Commelina mosaic. 

TABLE 6 .—Testa of the transmiasion of Oommelina-mosaic virus tty Thrips tahaei 
and of yelloW'Spot virus hy Aphis gossypii . .. 


Viruses 

Insects 

Source 

plants 

Test 

plants 

Oommelina-mosaic 

J. tdbaoi 

i ' ' 

C. nudiflora 

C. nudiflora 


A. gossypii 

(/. nudiflora 

Emilia 

Yellow-spot 

A. gossypii 

1 JSmilia 

Emilia 


No. of 


test plants 



Infected 

“ 0 
0 
0 


294 


Phytopa,thology 


[VoL. 30 



Fig. 4. Bymptoms produced by the yellow*spot virus, experimentally transmitted by 
Thrips tahacL A-D. Systemic symptoms on Datum ftiramomnm, A-B. Pale ring: spots 
advance to necrotic blotching with coalescence of necrotic spots; A, enlarged. 0. Ab¬ 
normalities of the terminal leaves, api)earing on the recently infected plant. P. The 
same, appearing on the plant infected for some time. E. Primary lesions on petunia. 
Zonate necrotic round spots with darker margin (enlarged). F. Systemic symptoms on 
chicory. Necrotic blotching and curving. G-H. Systemic symptoms on endive. Ne¬ 
crotic blotching. I~K. Nicotiana gtuiinoaa, I. Primary lesion. Zonato necrotic round 
spot with darker margin (enlarged), J-K. Systemic symptoms: J. Coalescence of zonate 
necrotic spots. K. Abnormalities of the terminal leaves. 
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No infection of S.W. virus on beet, chard, and eabbagfe (20), and New 
Zealand spinach {Tetragonia exjmnsaMxtrr.) (41) was reported. Similarly, 
these plants were not infected by Y.S. virus. 

In spite of the fact that cauliflower is susceptible to S.W. virus (19, 44), 
Y.S. virus was not transmitted to 20 plants under the writer’s conditions. 
Infection of S.W. virus on chrysanthemum was reported (1, 44, 45). How¬ 
ever, a closely related vegetable, summer chrysanthemum {Chrysanthemum 
coronarium L.), was not infected by Y.S. virus. 

Field Infections. Field-infected plants of potato, bell pepper, and chrys¬ 
anthemum, bearing indistinguishable symptoms of yellow spot or spotted wilt, 
were observed. These are, in addition to the 9 species of plants besides pine¬ 
apple, pea, and Emilia, found by Linford to be naturally infected^* (35). 

DISCXTSSION 

Former workers^" (24, 25) listed 21 suseepts to Y.S. virus. The present 
experiments demonstrated that 14 species of plants were infected and 8 
escaped infection. Nine out of 14 sus<*epts have not been previously recorded. 

Among these ilO suseepts, 18 are known also to be susceptible to S.W. 
virus; but the susce]>tibilities of the rest have not been tested, since they are 
mostly lo{‘.al weeds. The suseepts to both viruses are the 14 species of plants 
here reported and pineapple, pea, Nicofiana glauca Graham, aster, and Emilia 
sonchifolia. The foregoing expej’iments demonstrated that the symptoms 
produced by Y.S. virus on these 14 species of plants, except spinach, endive, 
and chicory, for which no published descriptions are available for comparison, 
are identical with those of S.W. virus. A pineapple disease, presumably 
caused by S.W. virus in Queensland and South-Africa, was repoi’ted to be 
indistinguishable from yellow spot (13, 23). The identity of the symptoms 
of the two viruses on Emilia and pea was established (24, 46, 49). Liiiford^^ 
stated that N. glmica and aster were infected by Y.S. virus and gave very 
brief descriptions of the symptoms. It is determined that his descriptions 
generally fit those of S.W. virus (5,41, 42, 44). 

Among the 8 spwdes of plants that could not be infected, beet, chard, cab¬ 
bage, and New Zealand spinach also are known to be noususceptible to S.W. 
virus (20, 41). The susceptibilities of two species of CommeHna and summer 
chrysanthemum to S.W. virus are not known. In the entire present experi¬ 
ments, cauliflower was the only plant susceptible to S.W. virus and yet could 
not be infected by Y.S. virus. The writer, however, is eonvin(?ed that the 
peculiarity of the conditions under which the experiment was performed was 
responsible for the failure of infection. 

The general similarities of the host range and symptoms of the two viruses 
are thus well demonstrated, providing evidence for their coidentity. 

The length of the latent period of a virus within a plant is specific for 
different viruses, and this character has been used by various workers to 

See footnote 8. 

See footnotes 8 and 9. 
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identify and classify a virus. Th.e data on Y.S. virus obtained in the present 
experiments and also in the experiments of Linford (24, 25) are compared 
with those of S-W. virus compiled from the references (Table 6). Pair 


TABLE 6.— Comparison of the lengths of the lament periods of infection of yellow 
spot and spotted Wilt 


Plants 

Yellow-spot virus 

Spotted-wilt virus 

Primary 

lesions 

Systemic 

symptoms 

Primary 

lesions 

Systemic 

symptoms 

Beferences 


Days 

Days 

Days 

Days 


Spinach 


10-20 

1 

not available 


Broad bean 

5-6 

10-12 

not available 


Celery 


30® 


not available 


Potato 

8-10 

20-30 

i 14-16 

25-28 

(41,42) 

Eggplant 

15 


i 


(42) 

Bell pepper 

15-20 

30 

1 21 

not available 

(41) 

Tomato 


8-27 

7-8*) 

7-21 

(6, l,^,37,42) 

Tobacco 

4-5 

9-11 

, 3-10 

10-20 

(5) 

Nicotiana 






glutinosa 

3-0 

9-11 

4-6 1 

i 7-15 

(5,45) 

Datura 



1 



stramonium 


10 i 


8-10 

(41) 

Petunia 

! 3-4 


2-3 


(42) 

Chicory 


; 15-20 


not available 


Endive 


15-20 


not available 


Lettuce 1 

1 1 

15-25 

10 

10-25 

(2,48) 

Pineapple 

! 7-27= 


not available 


Pea 

12-20= 



7-20 

(49) 

Nicotiana 






glauca 

not available® 1 

not available 


Aster 

not available® I 

14-21 

(42) 

Emilia 

8-27® 


not available 



a Datum from a single plant. 

h The cases on very young plants were reported (0). 
c Cited from Linfordi« (24, 25). 


analogy on the majority of the plants is observed. This again is additional 
evidence for the coidentity of the two viruses. 

The similarity of the mode of transmission of the two viruses has been 
demonstrated. S.W. virus is known to be transmitted by thrips vectors and 
mechanical inoculation. Thrips tabaci and 3 species of FranklinieUa are 
vectors. T. tabaci transmits Y.S. virus but none of the above species of 
Franklvniella are distributed in Hawaii (35). Not only are both viruses 
transmitted by the same vector, but also the length of the incubation period 
within the vector and the specific stage of the vector for becoming infective 
are similar for both viruses (4, 5, 25, 30, 37, 42). The mechanical transmis¬ 
sion of Y.S. virus, as easily accomplished as with S.W. virus, has been re¬ 
cently demtmstrated by Parris (32), He also demonstrated that Y.S. virus 
is not seed-transmissible, similarly as in S.W. virus (10, 30, 37). 

The similarities on the host range, symptoms, length of latent period 
within plants, and mode of transmission all suggest the coidentity of Y.S. 
virus with S.W. virus. The chemical and physical properties of S.W. virus 
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have been worked out with comparative thoroughness, but those of Y,S. virus 
are not known. However, since the technique of mechanical inoculation has 
now been established, these properties may be readily studied. 

The outbreak of the tomato disease in Hawaii has been determined to be 
caused by the long-established Y.S. virus. Although this crop plant is most 
frequently and severely attacked by spotted wilt in all other areas, lower 
incidence of infection has been known in Hawaii. This may be attributed 
to the relative food preference of the insects, small acreage of tomato culti¬ 
vation, and dissimilar distribution or centralization of the tomato cultivation 
and the viruliferous insect populations. However, this outbreak coincided 
with the disturbed host succession of the insects and planting of tomatoes 
within the infection center. The tomato field had been previously surrounded 
by potato patches that w^ere harboring a high population of infected weeds 
and viruliferous insects. Wlien these patches were plowed for the succeed¬ 
ing sugar-cane crop, the insects were compelled to disperse and concentrate in 
the nearby tomato field. There the insects were forced to feed on tomatoes, 
and, consequently, the outbreak suddenly appeared. A detailed study on 
migration of Thrips iahaci in relation to incidence of infection was j)ublished 
by Carter (14) and observation of a confirming incident also was reported 
by the writer (36). 

SUMMARY 

The yellow^-sj)ot virus was recovered by Thrips tahaci Lind, from field- 
infected tomatoes. 

The yellow-s[)ot ^'irus was transmitted to and recovered from, by T. tabaci, 
spinach, broad bean, celery, potato, eggplant, bell pepper, tomato, tobacco, 
Nicotiana glutinosa L., Datura stramonium L., petunia, chicory, endive, and 
lettuce, which are knowm also to be susceptible to the spotted-wilt virus. The 
symptoms produced on these plants, except spinach, endive, and chicory, for 
which no published descriptions are available for comparison, were all iden¬ 
tical with those of the spotted-wult virus. The lengths of the latent period 
within the respective plants were also generally analogous. Beet, chard, cab¬ 
bage, and New Zealand spinach, which are known to be not susceptible to the 
spotted-wilt virus, were also not infected by the yellow-spot virus. 

These data provide clear evidence that yellow spot and spotted wult are 
caused by the same virus. 

Pineapple Experiment Station, 

University of Hawah, 

Honolulu, Hawaii. 
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MECHANICAL TRANSMISSION OF YELLOW-SPOT VIRUS: 

EVIDENCE FOR IDENTITY WITH 
SPOTTED-WILT VIRUS’ 

G . K . P A E E I S 
(Accepted for publication Sept. 12, iy39) 

In June, 1937, a diseased eoiiditioii of tomato plants was observed at 
Waipahu, Oahu, Territory of Hawaii, eharacterized by necrosis of laminae 
and terminals, blotchiiiess of color and ruf^osity of surface of mature fruits, 
and a general cessation of growth (Figs. 1-3). Occasionally, slight bronz¬ 
ing of the upper surfaces of leaves was seen, prior to the appearance of 
necrotic lesions, and also bronzing of the stem ends of immature or partially 
mature fruits. A preliminary note recording the disease was published in 
1938 (8). 

The symptoms closely resembled those reported for spotted wilt on 
tomato with one exception, viz., bronzing was not outstanding. If one 
substitutes ^‘necrosis” for “bronzing’' in the descriptions of spotted wilt 
given by Samuel et aL (12), Bald and Samuel (1), and Smith (13), one 
has a fairly accurate and complete description of the disease as it appears in 
Hawaii, where it is common at present. Samuel et al. (12) have pointed 
out that bronzing is due to collapse and subsequent browning of the epider¬ 
mal cells. Both of these terms signify necrosis. Furthermore, bronzing in 
Australia varies from an almost imperceptible glaze to so deep a bronze as 
to be almost black. It is faintest in glasshouse tomatoes or in very early 
field tomatoes, while in later field tomatoes in the full summer sun, discolora¬ 
tion is the darkest. These observations led Samuel et al. (12) to state, 
‘*This suggests some relationship between the development of bronzing and 

1 Published with the approval of the Director as Technical Paper No. 50 of the 
Haw’aii Agricultural Experiment Station. 
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Fio. 1. Effect of yellow spot oft tomato in Add. A and B. Terminal necrosis, 
stunting of plant, twisting and curling of leaflets and petioles. C. Growing point of 
diseased plant. Note intralaminate spot necrosis and twisting of laterals, petioles, and 
leaflets. Bark streaks present on stem do not show to advantage. Photograph C by K. 
Sakimura. 

the intensity of light (or heat).” The tomato disease in Hawaii appears 
to be spotted wilt with bronzing largely suppressed by environmental 
conditions. 
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Fig. 2, Effect of yellow spot on tomato in field. A, Zonate banding pattern of 
necrosed tissue, accompanied by yellowing with little or no bronzing. B. More diffuse 
banding with increased yellowing. Severe necrosis at lower end of leaflet on right. C. 
^rcular, yellowed areas, often Konatcly banded, in background of normal red surface of 
fruits. Photograph 0 by K, Sakimura. 
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M. B. Linford, plant pathologist of the Pineapple Experiment Station, 
Honolidu, T. H., first suggested to the writer that the local disease might be 
due to the virus of yellow spot of pineapple, for the symptoms closely 
resembled those obtained Jby Linford® on tomato (Pig. 4). The weed 
Emilia sonehifolia DC. (sagitiata) had been reported by Linford (6) as a 
host of the yellow-spot virus, and examination of Emilia, growing in and 
around the tomato planting, where the disease was first observed, revealed 
that a large pumber of plants were diseased (Pig. 5). 



Fig. 3. Mottling or ‘‘mosaie*^ effect of terminal leavea of phiuts which have been 
diseagied for some time, or whose growth has b^cn slow. Note two small necrotic lesions 
at apex of terminal leaflet. 


REVIEW OP LITERATURE 

The yellow-spot disease of pineapple was shown by Linford (6) to be 
caused by a virus, transmitted by Thrips tabaci Lindeman. According to 
this investigator, G. E. Paxton failed to transmit the disease from pineapple 
to pineapple by mechanical means. Suseepts listed by Linford were pine¬ 
apple, Emilia sonehifolia, and unspecified members of the families Bromeli- 
aceae, Liliaoeae, Caryophyllaceae, Leguminosae, Labiatae, Solanaceae, 
Bubiaceae, and Compositae. Sakimura (10) has since published Linford’s 
list of host species. Carter (2) successfully transmitted the virus by me- 
chfdiical means froiq, pineapple to pineapple in a single instance. 

That the viruses of yellow spot and spotted wilt are due to a single 
entity has been suggested by several investigators. Smith (13) has pointed 
out that symptoms on Emilia are very similar, and, according to Dr. Walter 

2Unpublished data: cited by Sahimura (10). 
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Fio. 4* Symptoms of yellow spot on tomato (var. Improved Stone) following inoeu> 
lation, by Thrips tabaci, with tlie virus from Emilia sonchifolia. A. Distortion of 
leaflets jind petioles and sj)ot-neero8is and mottling of laminae. B. Necrosis of tips of 
leaflets and mottling of laminae. Healthy leaf at left. Photographs by M. B. Linford. 

Carter,® entomologist of the Pineapple Experiment Station, Honolulu, T. H., 
symptoms of yellow spot on Emilia are indistinguishable from symptoms of 
spotted wilt on Emilia in California. Gardner et aL (4) recorded spotted 
wilt on Emilia in California but published no photographs. Linford (5) 
transferred the virus of j’^ellow spot from Emilia by means ot Thrips iahaei 

® Oral communication. 
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Fig. 5. Field symptoms of yellow 8i>ot on leaves of Emilia nonchifolia,' A. Mot¬ 
tling and zonate banding wdth slight distortion. B. Pronounced chlorosis and distortion. 
Slight necrosis of third and fourth leaf from left. 

to pea, not then recognized as a host of spotted wilt, to reproduce the 
symptoms of pea streak. He suggested that streak might be cauised by the 
yellow-spot or a related virus. Later, Whipple (15) mechanically trans¬ 
mitted a virus from pea with streak symptoms, to tomato, Emilia, and 
other plants, and obtained symptoms identical with those caused by spotted 
wilt. Whipple pertinently states, ‘‘The demonstration that the tomato 
spotted-wilt viru^ causes a streak in pea is of peculiar interest inasmuch as 
the virus has mtich in common with that of the pineapple yellow spot in the 




1940] 


Parris : Transmission of Virus 


305 


way of insect vector, incubation period, and the almost identical symptoms 
on Emilia sagittata,** Snyder and Thomas (14) confirmed Whipple’s 
work and conclusions. 

The observations of Carter (3) on the association of yellow spot with 
Kromnek in the Union of South Africa, together with his citation of indi¬ 
cations of identity of Kromnek and spotted wilt, obtained by Dr. E. S. 
Moore, further support the view that yellow spot and spotted wilt are 
caused by one virus. 

This paper presents evidence that the local disease of tomato is caused 
by the same virus as yellow spot of pineapple,* 

EXPERIMENTS ON TRANSMISSION OF THE VIRUS 

1. Seed, Seeds collected from immature and mature diseased fruits 
were planted in soil in the greenhouse and examined daily after emergence 
for symptoms of the local disease. Fifty plants were grown to maturity, 
and 650 plants until the emergence of the fourth compound leaf. In no 
case did disease symptoms appear. 

2. Mechanical Inoculation with Expressed Plant Sap, Sap was ex¬ 
tracted from the tissues of plant parts of diseased tomato and of other 
diseased plants, Lc,, Emilia sonchifolia and potato, by grinding with steri¬ 
lized mortar and pestle and filtering through cheesecloth. This preparation 
was then rubbed on the leaves of healthy plants of tomato, E, sonchifolia, 
potato (var. Bliss Triumph), bell pepper (Capsicum anmtum), garden pea 
(Pisiim sativum), bean (Phaseolus vulgaris), and lettuce (Laetuca saliva), 
with a glass rod. Carborundum powder was, 4^sted on the leaves before 
abrasion as recommended by Rawlins and Tompkins (9). Three to 6 
leaflets were inoculated when tomato was studied, and with other plants an 
equivalent area was treated. All plants inoculated were young and growing 
vigorously. For each series of inoculation>s an approximately equal nmnber 
of plants was rubbed with juice from healthy xdants and served as checks. 
Plants of both classes were grow’ii side by side on the greenhouse bench, and 
none of the checks became infested. 

The results of meclianieal inoculations are given in table 1. The virus 
was transmitted mechanically from tomato to tomato and from tomato to 
potato, respectively, in 47 per cent and 75 per cent of the inoculations; 
from Emilia to Emilm and from Emilia to tomato, respectively, in 33 per 
cent and 24 per cent of the inoculations; and from diseased potato, follow¬ 
ing previous successful mechanical inoculation, to potato and tomato, re¬ 
spectively, in 67 per cent and 100 per cent of the inoculations. Negative 
results attended all attempts to transmit the virus by mechanical means 
from tomato to Emilia, lettuce, garden pea, or bell pepper. Phaseolus 
vulgaris, not a suscept of the yellow-spot virus (10) and an uncertain sus- 
cept of the spott>ed-wilt virus (13), also remained unaffected by mechanical 
inoculation. 

^Supporting evidence is being published concurrently (11). 



TABLE 1 .—Infections obtained in different species when mechanically inoeulaied with expressed juice from diseased Lycopersicon escnlentum 

___J .. .. «/ r j 
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Phaseolus vulgaris var. Lua- 
lualei , 
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Samuel ei al, (12) repoi*t mechanical transmission of spotted-wilt virus 
from immature but not from mature diseased tomato fruit. In the present 
investigations, the local virus has been mechanically^ transmitted from im¬ 
mature tomato fruits in 5 out of 15 attempts. No transmission has been 
obtained with sap expressed from mature fruits with a similar number of 
inoculations. 

The latent periods of infection of the virus in tomato, potato, and 
Emilia, respectively, are also shown in table 1. Tlie younger and more 
vigorous the plant inoculated, the more rapid was the appearance of symp¬ 
toms. This was particularly true of tomato. 

Symptoms on tomato following mechanical inoculation (Fig. 6) corre- 



Fig. 6. Yellow spot on tomato leaves following mechanical inoculation. A. Ne¬ 
crotic lesions surrounded by yellow halo, with bronzing very slight or absent, B. 
Extreme necrosis and slight curling. 



308 


PHYTOPATHOIjOQY 


[Voi^ so 


spoud m intensity and type with conditions observed on plants naturally 
infected in the field and, in addition, are very similar to symptoms obtained 
by Linford with transmission by Thrips tahad, previously mentioned and 
shown in %nre 4. Necrosis of tips of tomato leaflets may accompany intra¬ 
laminate lesions (Fig, 6, B). Fruits borne (m diseased plants in greenhouse 
culture show the same type of blotchiness and rugosi^ ^ furface as ex¬ 
hibited in^e field 0). Mechanical inoculations ax«Vost successful 

with tom&to whed sap is e:^raeted from the younfest tbsuerof recently dis¬ 
eased plmida It is very difficult to obtain positive results-when sap is 
obtained from the old parts of diseased plants, or from any i^rt of plants 
that have b«en diseased for some time or whose growth has been slow. The 
youngest parts of plants in this condition do not sliow typicid ayuiptoms: 
the foliage is mottled or “mosaiced,” very much after the manner of 
typical tomato mosaic. Necrotic lesions are absent or of only minor signifi¬ 
cance (Fig. 3). Sap extracted from “mosaiced” leaves consistently gives 
negative results for the presence of a virus. This change in symptom 
expression and the failure to obtain a virus from “mosaiced” leaves are in 
accord with the findings of Samuel et al. (12) for spotted wilt. The transfer 
of “mosaiced” plants to fresh soil in larger containers causes the reappear¬ 
ance of the necrotic lesions on the leaves and petioles of the subsequently 
developed parts, and sap extracted from this new growth is highly in¬ 
fectious. Bald and Samuel (1) have noted that plants recently diseased 
are a much better source of virus than plants that have been diseased for a 
long time. 

On the potato, systemic infection also occurs. One to 3 intralaminate, 
circular, concentrically xoned, necrotic spots appear on each leafiet; bronz¬ 
ing is slight or absent (Fig. 7, A). It is impossible to distinguish, without 
microscopic examination, between these spots and spots produced by the 
fungus Alternaria solani (E. and M.) Jones and Grout. Spores are usually 
present on fungous spots. In cases of severe infection the entire leaflet, 
or several leaflets and their petioles, may succumb (Fig. 7, B). Magee (7) 
has recorded the effect of the virus of spotted wilt of tomato on potato in 
Australia. Nmnerous circular, brown, dead areas are produced on the up¬ 
per leaves of the plant, and longitudinal dead areas occur on the apices of 
the stems. The lesions are small ahd may show a characteristic dype of 
zoning. Later, the spots on the leaves coalesce to form dead regions and 
the stems collapse at the apices. These symptoms closely approximate the 
effect of the virus of yellow spot of pineapple on potato. 

On SmUia, the virus produces a distinct mottling or “mosaicM” effect 
of the young leaves, with subsequent development of circular, concentrically 
zoned spots on any portion of the laminae; these spots later may become 
necrotic (Fig. 8). Necrotic streaks may be produced on the petioles of dis¬ 
eased plants, and also on the peduncles and calyces of the inflorescences. 
Leaves may also be badly distorted and are often smaller than normal. These 
symptoms, with the exception of the necrotic spots, check fairly closely wiGi 
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r. Yellow spot on potato (vat. Bliss Triumpli) following mechamcal inoc^- 
tion. A. Neerotie lesions with aonate banding. B. Severe necrosis of several leaflets 
and portion of petiole. This type of reaction is seldom obtained. 

the symptoms described on Emilia by Linford (6) for naturally diseased 
plants. This writer does not mention necrosis as a symptom of yellow spot 
on EmUia, but a careful search of diseased plants in the field has shown that 
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Pip. 8. Yellow spot on Bmilia sonchifolia following mechanical inoculation. A. 
Zonately banded, chlorotic and necrotic spots on laminae, flower-pedicels, and calyces. 
B. Effect of virtis on plant as a whole. Pnotographs by K. Sakirnura. 

occasionally necrosis may accompany the other, more typical, symptoms 

(Fig. 5, B). 

3. Ch-aftmg. The virus has been successfully transmitted by grafting, 
as shomi in table 2. Transmission occurred with all types of grafts tried, 
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TABLE 2 .—Results obtained by grafting scions of tomato and potato^ diseased 
with the virus of yellow spot of pineapple^ into healthy tomato and potato, and by graft¬ 
ing healthy tomato into diseased tomato 


Graft 

Plants 

grafted 

Plants 

infected 

Latent period of infection 

Time 

(days) 

Number 
of plants 

Naturally diseased 



1-30 

4 

tomato scion into 

20 

15 

13-20 

3 

healthy tomato 



21-30 

8 

Mechanically inoculated 



1-10 

3 

diseased tomato seion 

15 

12 

11-20 

3 

into healthy tomato 



21-30 

6 

Grafted diseased tomato 

! 




scion into healthy 

2 

2 

13-20 

2 

tomato 





Naturally diseased 





tomato Hoion into 

o 

1 

23-30 

1 

healthy potato 





Mechanically inoculated 





diseased potato scion 

2 

2 

11-20 

o 

into healthy tomato 

i 




HealtJiy tomato scion into 





mechanically inoculated 

1 

1 

11-20 

1 

diseased tomato 





Healthy tomato scion 





into grafted diseased 

3 


31-20 

3 

tomato 


j 3 




infection ranj^inj^ from 50 to 100 per cent. Symptoms on g-rafted plants are 
identical with symptoms obseiwed on naturally infected plants in the jBeld. 
The latent period of infection of the virus in p^rafted plants closely apx^roxi- 
mates that found with mechanically inoculated plants. 

DISCUSSION 

From the results obtained with mechanical inoculations and by graftinj?, 
it is concluded that the lo(;al disease of tomato is due to the vii*us of yellow 
spot of pineapple. Symptoms on tomato, Emilia, and potato are shown to 
be indistinguishable from symptoms reported for the effect of the spotted- 
wilt virus. Transmission studies by Sakimura (11) with Thrips iabaci show 
this to be true for other suscepts. The spotted-wilt virus is transmitted 
mechanically and by grafting but is not seed transmitted. Data presented 
here show that the virus of yellow spot l>ehaves similarly. These facts, 
together with the known relationship of pea streak to ^^ellow spot (5) and 
to spotted wilt (14,15), and of Kromnek to yellow spot and spotted wilt (3), 
points to a belief, expressed previously (13, 15), that the two viruses are 
identical, but physical properties have not yet been compared. 

SUMMARY 

1. A disease of tomato in Hawaii with symptoms identical with those of 
si)otted wilt is described and evidence presented that the disease is due to the 
virus of yellow spot of pineapple. 
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2. The virus is not considered to be transmitted by seed, but is easily 
transmitted mechanically from tomato to tomato and potato, and from Emilia 
sonchifolia (sagittata) to Emilia and tomato. It has not been transmitted 
mechanically from tomato to Emilia, lettuce, garden pea, or bell pepper. 
The virus may also be transmitted by grafting, from tomato to tomato and 
potato and from potato to tomato. Symptoms artificially produced on tomato 
in greenhouse culture are identical with those found on naturally diseased 
field plants and are also similar to symptoms produced by Linford on tomato 
[unpublished: cited by Sakimura (10) ] when the yellow-spot virus was intro¬ 
duced by the vector Thrips tabaci Symptoms on potato are identical with 
those reported by Magee (7) for the virus of spotted wilt in Australia. On 
Emilia, the yellow-spot virus from tomato produces symptoms which closely 
resemble the effect of the virus on Emilia plants naturally infecded in the 
field; the symptoms are also very similar to those reported by Whipple (15) 
for the virus of spotted wilt on Emilia in Wisconsin. 

3. The virus is easily recovered from immature, diseased tomato fruits, 
but not from mature, diseased fruits, a feature noted by Samuel ct al. (12) 
for the virus of spotted wilt in Australia. 

4. All available evidence points to the belief that the virus of yellow spot 
of pineapple is identical with the virus of spotted wilt, but physical proper¬ 
ties have not yet been compared. 

Hawaii Agricultural Experiment Station, 

Honolulu, T. H. 
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POTATO TUBER NET-NECROSIS AND STEM~END BROWNING 

STUDIES IN MAINE 


Donald Folsom and A v k r y E . Hic n 
(Accepted for publicatioD Dec. 1, 1939) 

INTRODUCTION 

Net necrosis of the potato tuber (Solamim iuberostim L.) was described 
in 1914 by W. A. Orton with the name attributed to Wollenwebor (5, p. 14), 
The fac't that net necrosis is an occasional transitoiy symptom of leaf roll in 
certain varieties has been demonstrated by Schultz and Folsom (7), A. H. 
Gilbert (1, 2, and 3), and Quanjer and Elze (6). W. A. Orton described net 
necrosis as (aie form of internal stem-end brownin^% other foj*ms of which 
were caused by fuu^i and bacteria. Since then various forms of internal 
discoloration with nonjuirasitie causes have been described in a literature 
that has become extensive and somewhat confused. In Maine and in the 
seed shipped from Maine, in addition to net necrosis (Fijr. 1, A) occasional 



Fio. 3 . Green Mountain potato tubers witli part of the proximal (stem, butt, or 
navel) end cut off of each. The deep discoloration in tuber A is net necrosis, an occasional 
transitory symptom of leaf roll in certain varieties, and the comparatively shallow dis¬ 
coloration in tuber B is another form of nouparasitic internal discoloration called * * stem- 
end browning/’ in Maine. 

outbreaks of another type of nouparasitic internal discoloration have given 
concern, chiefly because it apparently intergrades into net necrosis and be¬ 
cause of the common dislike of cooks and seed buyers for any internal dis- 
coloratioii, even if of a type that is completely harmless. This second type 
of nonparasitic internal discoloration is called ‘'stem-end browning/* in 
Maine and in this paper. Stem-end browning (Pig. 1, B) was observed in 

313 






314 


Phytopathology 


IVoL. 30 


the winters of 1923-24 and 1929-30 and was common enough in some lots of 
potatoes during the winter of 1937-38 so that studies could be made of it 
both alone and in comparison with net necrosis. These studies included 
attempts to relate stem-end browning to different possible causes. 

DIFFERENTIATION 

Microscopically, stem-end browning usually can be distinguished from net 
necrosis through the former affecting both phloem and xylem and the latter 
affecting only the phloem. According to Hill (4) there are other differences. 

Macroscopically, the two can often be distinguished with a high degi*ee of 
success by an experienced person. Fairly successful attempts were made to 
develop an objective method useful to those with no experience. By record¬ 
ing the depth of penetration of the internal discoloration and its extent at a 
depth of about 12 mm., or i in., in the tubers, and observing the correspond¬ 
ing plants as grown later, it was found that discoloration in more than one 
ring or zone of the cross section of the tuber at a depth of 12 mm. usually was 
mild to severe net necrosis (that is, presaged leaf roll), while discoloration 
extending less than 12 mm. from the stem end of the tuber, or exi ending to 
that depth in only the xylem ring, usually was stem-end browning (that is, 
not associated with leaf roll). The results of one test are given in table 1, 
and illustrate the degree of accuracy with which tJie two diseases can be told 
apart by the half-inch-depth method. If the degree were perfect, the diag¬ 
nosis of probably net necrosis^’ would be accompanied by 100 per cent leaf 
roll instead of 87 per cent, and the diagnosis of stem-end browning^’ would 

TABLE 1.— Accuracy of miacroacopic diffcreniialion of sfcm-e7id hrowniny and net nccrof^is 


Diagnosis 

Tubers 

Total no. 

Percentage leaf roll 

Net necrosis 

50 

100 

Probably net necrosis 

143 

87 

Stem-end browning 

286 

23 

Clear-fleshed 

1206 

14 


be accompanied by 14 per cent leaf roll instead of 23 per cent. The degree 
is more nearly perfect when, to the rather arbitrary standard just described, 
there are added other factons on the basis of experience. Stem-end browning 
is usually darker colored than net necrosis. The discolored strands are fairly 
continuous in stem-end browning but discontinuous in net necrosis. Finally, 
net necrosis usually occurs in a gi-eater number of concentric zones than does 
stem-end browning. 

PREVALENCE ANO IMPORTANCE OP THE DISEASES 

According to the available records, net necrosis was rather scarce in Maine 
up to 1921 (7). Outbreaks of net necrosis and stem-end browning occurred 
in central Maine in the crop of 1923, and in central Maine and Aroostook 
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County in the crop of 1929. A limited survey durinj^ the winter of 1929--30 
disclosed an average of 5 per cent net necrosis and 9 per cent stem-end brown¬ 
ing in thirty stored stocks, with maxima of 16 and 44 per cent, respectively. 

Ill the 1936 crop of potatoes, several stocks in Aroostook County were 
reported to have considerable stem-end browning. Of these, two had about 
10 per cent of the tubei*s affected and two had about 20 per cent. 

In the 1937 crop, an average of about 19 per cent of the tubers were 
affected with net necrosis in 40 bins of the Green Moiiutaiii variety in 
Aroostook County. Other varieties appeared less affected than Green Moun¬ 
tains. Katahdins and Chippewas have not yet been found with either net 
necrosis or stem-end browning. This varietal difference in susceptibility to 
these two types of internal discoloration is not correlated with relative sus¬ 
ceptibility to leaf roll or to frost necrosis of the net type. Occasional small 
outbreaks have occurred in years other than those mentioned. 

Tlie infrequency of severe net-necrosis outbreaks in Maine is due to the 
iufrequeiujy of leaf-roll outbreaks in Aroostook County and to the fact that 
this (/ouiily is the area of concentrated potato production in the State. In 
Maine, outbreaks of net necrosis occur more frequently outside of Aroostook 
Ooiudy, ill correlation witli greater spread of leaf roll, and are as severe in 
per(*eii1age of tubers affected, but are less severe in aggregate loss because of 
the smaller total production of jiotatoes. Outside of Maine and certain other 
parts of New England tlie importance of net necrosis is greatly reduced, in 
the (‘roj) ])ro(luced there, by the greater use of the less susceptible varieties 
and by the sale of the crop before the disease has had time to develop. How¬ 
ever, wherever seed potatoes are shipped containing net necrosis, the disease 
is a warning of the jn*eseiice of leaf roll and, therefore, is important. 

RATIO OF NET NECROSIS TO LEAF ROLL 

In one study, 29 Green Mountain stocks with 457 tubers apiece on the 
average were examined for internal discoloration in the tubers and for leaf 
roll in the vines prodiu'cd from the tubei’s. There was a highly significant 
positive correlation (r = r 0,557; see 9, table 16, on signifi(*ant values) between 
the percentage of net necrosis (averaging 8.8) and the percentage of leaf roll 
(averaging 23.3) but the ratio between the leaf-roll and net-necrosis per¬ 
centages in individual lots, averaging about 3.3:1, varied from 1:1 to 9:1. 
Therefore, while net necrosis in general may indicate how much leaf roll is 
present in a crop of Green Mountain potatoes, it is not a very reliable indi¬ 
cator of the percentage of leaf roll in all individual lots. 

LACK OP EFFECT OF STEM-END BROWNING ON PLANT VIGOR AND YIELD 

In the spring of 1937, 3 stored lots of potatoes on as many farms were 
drawn on for a comparison between plants from stem-end browning tubers 
and clear-fleshed tubers of the same stock,^ Two-ounce seed pieces were taken 

1 Unless otherwise stated, the experiments described subsequently in this paper were 
conducted uitli potatoes of the Green Mountain variety and on Aroostook Farm, an experi¬ 
mental farm in Aroostook County. 
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from stem ends and bud ends of both kinds of tubers. Ten seed pieces of 
each Mnd were planted at 12-inch intervals in a 10-foot row, replicated in a 
total of 8 to 10 such plots. The results (Table 2) show that stem-end brown¬ 
ing in the seed tuber had no effect on the yield rate of either stem-end or eye- 
end hills. Under the prevailing conditions, eye-end hills yielded at a signifi¬ 
cantly higher rate than stem-end hills. This difference between eye-end and 
stem-end lulls was sometimes greater for the clear-fleshed tubers than for the 
internally discolored ones, which indicated further that stem-end browning 
is not injurious with respect to yield. 


LACK OF PERPETUATION OF STEM-END BROWNING 

Many tests over a number of years show neither more nor less stem-end 
browning in the crop grown from seed with the disease pi’esent, than in the 
crop grown in the same i)laee from other seed free of the disease, with both 
crops stored in the same place. Also, the crop grown from seed with the 
disease present in all tubers, selected for the presence of the disease, usually 
has only a small percentage of affected tubers. Evidently Ihe disease is 
neither perpetuated in a stock of potatoes, as are some parasitic and virus 
diseases, nor spread in the field with a consecjnent outbreak in storage, as 
occurs with leaf roll causing net necrosis. 

On the other hand, stem-end browning appears to be more troublesome on 
certain farms than on others, and, on those farms, more abundant in certain 

TABLE 2.— Yield rate of hills grown from Iwo^ounce need pieces from stem ends and 
eye ends of clear-fleshed tubers and tubers with stem-end browning 


Yield rate in lbs. per bill,® etc. 


Seed-piece source, etc. 


Stem-end browning tubers, stem end 
Clear-fleshed tubers, stem end 

Difference^. 

Odds (to l)c 

Stem-end browning tubers, eye end . 
Cloar-fleshed tubers, eye end , , 
Difference** 

Odds (to 1)« , , . 

Stem-end browning tubers, stem end 
Stom-end browning tubers, eye end 
Difference in favor of eye end 
Odds (to l)c. 

Cleat-ffeshed tubers, stem end 
Olear-ffeshed tubers, eye end .., . 
Differeaee in favor of eye end .. ■ 

Odds (to 1)«. 


Lot 3, 
Irish 
Cobbler 

1.47 

1.50 
0.05 
3.00 

3.65 
1.63 
- 0.02 
1.00 

1.47 

3.65 

0.18 

Over 1350 

3.50 
1.63 
0.13 

1350 


Lot 2, 
Green 
Mountain 


3.47 

1.50 
0.03 
1.00 

1.72 

3.81 
0.00 
6.26 

1.47 

1.72 
0.25 

Over 19,230 

1.50 

1.81 
0.33 

Very high 


Lot 3, 
Green 
Mountain 


1.70 

1.67 

-0.03 

1.00 

1.00 

2.03 

0.13 

,7.28 

1.70 

1.90 

0.20 

37,46 

1.67 

2.03 

0.36 

Very high 


« At 1 lb. per hill and with spacing of hills 36 by 12 inches, tlic yield rate per acre 
wanld be 242 bushels or 88 barrels. 

Differenee in favor of clear-ffeshed tubers unless with 
c If the odds are more than 30 to 1, the difference is considered to be signideant. 
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fields than in others. Occasionally, there is a tendency to show progressively 
more net necrosis from one end of a bin to the other, but there is no such trend 
wdth stem-end browning in the same bins. It seems that some environmental 
condition or set of conditions in tlie field is the underlying cause of stem-end 
browTiing. 


TESTING OP POSSIBLE CAUSES OF STEM-END BROWNING 

During the outbreak of 1929-30 in Maine, several thousand tubers were 
examined in several dozen different lots. The stem-end browning w^as quite 
general and varied without any apparent relationship to soil, time of digging, 
presence of any virus disease, region of growth, place of storage, or origin of 
commercial strain, except that an early-dug lot and a spindle-tuber lot were 
included in the few lots that were free of the trouble. 

In the course of the more recent work, out of the multitude of theories 
proposed as possible causes of stem-end browning, some of the more plausible 
^^ere tested. The results will be described briefly. 

Soil T>"j>e, Source, and Moisture 

From 10 different farms where considerable stem-end browning had been 
found in the potatoes produced the year befon*, soil was taken that, when 
analyzed, was found to vary widely in regard to type, fertility, and organic 
matter content. The soil from ea(»h farm was used to fill 5 sections of chim¬ 
ney tile, each about 1 ft. square and 2 ft. long. Two potato ]>lants were 
grown in each section of tile, fertilized at the rate of I ton of 8-16-16 ferti¬ 
lizer per acre. The tile sections were set upright in the ground near each 
other, on the experimental farm at Aroostook County. In tlie tubers, after 
a suitable period of storage, a \ ery small amount of stem-end browning was 
found in nearly all lots, regardless of the soil in which they had been grown. 
The soil lots varied from 4,61 to 6.60 in pH, vei\v low to excessive in NOa, 
none to high in NH 4 , very low to high in P 2 O 5 , very low to excessive in K 2 O 
and (,'!a, low to very high in Mg, trace to high in Mn, trace to low in Pe, and 
very low to high in organic matter.^ Apparentlj", these variations did not 
cause stem-end browning in the conditions of the test. 

On the experimental farm in Aroostook County in th<* summer of 1937, 
which was a comparative!;^" hot and dry season for the region, water vras 
applied artificially to 2 row^s of potato plants eveiy other day. Samples of 
tubers from the watered row's and from neighboring dry rows both showed 
no stem-end browning in storage. 

Three potato plants were giwn in a loam of high humus content, in the 
greenhouse in 3 jars with the soil moisture kept nearly constant at 20, 30, and 
45 per cent of the wreight of the dry soil, respectively. In 2 other similar 
cultures the water content W'as caused to fluctuate between 20 and 45 per cent. 
AH tubers produced by these 5 plants were free of stem-end browning. 

2 Analyzed by I). 8. Fink, Associate Agronomist of the Maine Agricultural Experi¬ 
ment Btation, 
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Cumulative Fertilizer Treatment 


^‘Permanent fertilizer plots’^ on Aroostook Farm had‘received fertilizer 
of different ratios from different sources or carriers, with and without lime, 
broadcast, wdth and without manure, etc,, usinjr different rotations, and had 
been receiving these same treatments for 30 years. The treatments were as 
follows: 


Kotatum 


Treatment 


Three-year 

Three-year 

Two-year 

One-year 

Three-year 

Two-year 

Two-yt*ar 

Two-year 

Two-year 

Tliree-year 

Three-year 

Three-year 

Three-year 

Three-year 

Three-yoar 

Three-year 

Three-yoar 

Three-year 

Three-year 

Three-year 

Three-year 

Three-year 

Three-year 


No fertilizer 
4- 8- 7—(*iieek 
4- 8- 7—check 
4- 8- 7—cheek 

•1-8- 7—chemically pure salts 

4 - 7 —broadcast 

4-8- 7—^plus 20 T. manure 

4- 8- 7—nitrogen in form of (NHJ,^SO* 

4- 8- 7—^nitrogen in form of NaNO» 

4- 8- 7—potash in form of KOI 

4 _ 7 —as preceding, plus 3000 lbs. ground limestone 

4- 8- 7—^potash in form of K..SO, 

4 -. g- 7 —Qg preceding, plus 3000 lbs. ground limestone 

(>~ 8- 7 

2- 8- 7 

0- 8- 7 

4- 0- 7 

4—4—7 

4-12- 7 

4- 8- 0 

4- 8- 4 

4- 8-10 

4- 8-14 


All tubers from these various plots in 1937 were free of stem-end browning. 


Samples from many of these plots also had been examined several years 
previously, at which time no stem-end browning was found in more than two 
per cent of any sample. 


Deficiency in Sulphur, Boron, Iron, and Manganese 

In 4 plots the addition of sulphur to the soil at different rates had 
brought the pH to 4.97, 5.40, 5.60, and 5.95, respectively. Samples from 
tubers grown here were similar with respect to stem-end browning, which 
was found to be present in a very low percentage of tubers. 

On each of 2 farms that had produced affected potatoes in 1936, borax 
was applied to the soil in different rows* at the rate of 1, 2.5, 5, and 10 pounds 
per acre, respectively, with each treatment replicated several times. There 
was no effect on the growth or yield rate of the potatoes, or on the amount 
of stem-end browning. 

A nutritional experiment was started in a greenhouse in February, 1938. 
Plants were grown in white quartz sand in 2-gallon jars, using nutrient 
solutions. The nutrient solutions were made from chemically pure salts 
and were supplied by the constant-drip method (8). Plants w^ere grown 
that became apparently deficient in boron, iron, manganese, and sulphur, 
respectively, corresponding to the types of solutions used. Other plants 
were grown that, apparently, had an excess of aluminum, arsenic, copper, 
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and chlorine, respectively. In addition to these, an iron-manganese relation¬ 
ship study was carried on. The plants received the following 9 treatments: 


Iron Manganese 


Low 

Low 

Low 

Medium 

Low' 

High 

Medium 

Low 

Medium 

Medium 

Medium 

High 

High 

Low 

High 

Medium 

High 

High 


All the plants j^rew fairly well in the sand with the exception of those defi¬ 
cient in boron and those injured by an excess of arsenic or copper; these 
three sets were considerably stunted. After about 100 days from planting, 
no more moisture was supplied, so that the plants wilted. The tubers "were 
examined for stem-end browning about a month later, but none of them 
showed it. 

Ill another experiment several 2-gallon jars were filled with soil from 
different farms that had produced potatoes with stem-end browning. Others 
were filled wdth soil known to be deficient in boron for the production of 
rutabagas. Chemically pure salts w’ere added to each jar to supply nitro¬ 
gen, phosphorus, and potash at the rate of 3000 pounds of 4-8-8 fertilizer 
j)er acre. One potato plant was growm in each jar. Water was addM as 
needed. No stem-end browuiing develojied in the tubers. 

Injury to Plants 

The opinion has been expressed that stem-end browning is caused by 
some form of mechanical injury to the plants; so several methods w^re used 
to injure either the tops or the roots. One method employed wus late culti¬ 
vation. After the plants had grown too large to be cultivated without dis¬ 
turbing the roots ('onsiderably, some of them were cultivated with as little 
injury as possible; others w^ere cultivated as close to the plants as possible, 
breaking off a great many of the roots; and others w^ere left uncultivated 
as a check. Another simple but harsh method was to jerk each plant upward 
until some of the roots were broken giving a cracking sound. About half 
of the foliage was removed from other plants during the latter part of the 
growing season. Another method of injury tried w^as to hoe as much dirt 
away from the plants as possible, leaving the roots and tubers protected from 
the sun and heat by only a very shallow layer of dirt. Samples w”ere dug 
and iilaced in storage from plants killed by late blight. Another block of 
plants w’as sprayed late in the season with a sulphuric-acid solution suffi¬ 
ciently strong to kill them. When the tops w^ere thoroughly dead the pota¬ 
toes w^ere harvested and stored. Other samples were dug and placed in 
storage from plants that were killed or severely injured by frost. Samples 
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were dug and stored also from plants that were still green and appeared to 
be normal in evei^^ way. 

Except for late cultivation, frost injury, and digging when green, the 
treatments were all carried out in the same field, and a small amount of 
stem-end browning was found in each case regardless of treatment, but no 
more than was found in the untreated cheek lots. No stem-end browning 
was found in any of the samples from the field in which the tests were 
carried out on frost injury and digging when green. Late cultivation had 
no effect on the development of stem-end browning. 

Potted plants were frozen. The tubers when examined several weeks 
later showed no stem-end browning. 

Time and Manner of Digging 

Twenty-eight hills of potatoes were dug by hand and each was stored 
separately. Only 1 or 2 tubers from an}- hill showed stem-end browning 
when they were examined in the winter. About half the hills were thus 
affected. However, the percentage of tubers affected was no higher than 
where the potatoes w^ere dug by machine and stored in bulk, 

EFFECT OF STORAGE DURATION AND TUBER WEIGHT 

During the winter of 1937-38, one lot of potatoes, of which about 20 
per cent had stem-end browning and about 5 iier cent bad net necrosis, was 
divided into several similar parts. The tubers w^ere waslied and weighed 
to the ounce and the tubers of each weight-class were divided equally among 
the several parts, so that the distribution of tuber w^eights was identical for 
the several parts. 

A second lot of tubers, with about 9 per cent stem-end browning and 
about 22 per cent net necrosis, was divided in the same w^ay. 

At successive dates during tlie winter, one of the identical parts of each 
lot was used to determine whether or not there had been any increase in 
the amount of stem-end browning or net necrosis. Eacdi disease w as recorded 
as to percentage of tubers affected. In addition, a more objective record of 
discoloration was made by determining the depth of discoloration both in 
terms of absolute thickness of the affected part of the stem end and in terms 
of percentage of total tuber length included in the thickness of the affected 
part, and by estimating the extent of discoloration in the cross sectidn evi¬ 
dent at a depth of about 12 mm. from the stem end. For example, a tuber 
might have a record of discoloration extending 20 mm. or 16 per cent of 
the length of the tuber and involving, at the 12-mm. depth, 0.3 of the vascular 
ring and 0.4 of a radius of the cross section. 

By no criterion was there any increase in internal discoloration after the 
time the study was begun, about December 15. However, the results are 
only preliminary^, be(»ause the storage room was not kept at a constant tem¬ 
perature, the successive samples contained only about 250 anil 350 tubers 
each, the study w^as not started early enough in the season, and seasons 
may vary. 



1940] Folsom and Rich : Two Potato Diseases in Maine 821 

With each weight-class of tubers divided equally among the several parts 
and, therefore, treated like every other weight-class during the storage 
period, the records on all tubers were recombined to determine the relation¬ 
ship between tuber weight and internal discoloration. The results are given 
in tables 3 and 4 and show that stem-end browning increased in frequency 
as tuber weight decreased, while net necrosis, where abundant, increased 
in frequency as tuber weight increased. 


TABLE 3.— Frequency of internal discoloration in weight classes of tubers 


Lot 

Item 

Weight class and item expressed numerically 

1 to 3 oz. 

4 oz. 

5 oz. 

6 oz. 

7 and 
more oz. 

1 

Total tubers 

Poreentapro of tubers with 

512 

562 

327 

244 

388 


stem-end browning 
Percentage of tubers with 

24.8 

24.4 

18,7 

20.1 

14.9 


net necrosis . 

3.6 

6.0 

3.9 

3.7 

5.4 

o 

1 

1 Total tubers 

Percentage of tubers with ; 

974 

j 357 

237 

172 

351 


stem-end browning 
PcrcGulage of tubers with 

n .2 i 

1 

9.2 

1 

5.2 

1 4.8 


net necrosis 

12.0 

21.0 1 

31.2 

27.7 

1 39.3 


TABIiE 4. —Average tuber weight of tubers with different types of internal dis- 
coloration 


Kind of tubers 

Average weight of tubers in ounces 

Lot 1 

Lot 2 

With stem-end browning 

4.61 

3.56 

All kinds 

4.95 

4.27 

With no discoloration 

, 5.03 

3.97 

Witli net necrosis 

5.(»3 

5,56 


SUMMARY 

Net necrosis of the potato tuber, an occasional transitory symptom of 
leaf roll in certain varieties, is distinguishable in several ways from another 
kind of nonparasitic internal discoloration called, in Maine, “stem-end 
browning. ’ ’ 

While an outbreak of net necrosis indicates unusual spread of leaf roll 
in the preceding growing season, the ratio of net necrosis to leaf roll varies 
greatly with individual seed stocks. 

Stem-end browning occurs more in some seasons than in others in any 
part of Maine, and, when occurring, is usually more abundant in some parts 
of Maine than in others. It has no effect upon plant vigor and yield rate 
and is not perpetuated in the tubers from one generation to the next. 
Through successive seasons it appears more troublesome on certain farms 
than on others, and in certain fields of those farms than in others. 
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No correlation was found between stem-end browning and various pos¬ 
sible causes such as soil type, previous occurrence in the soil, previous 
fertilizer treatment of the soil, soil nutrients, pH of the soil, soil water, 
presence of virus disease, origin of commercial strain, injury to the iiarent 
plants, time and manner of digging, and certain storage conditions. 

Within a given stored lot, stem-end browning was correlated negatively 
with tuber weight, and net necrosis was correlated positively. Neither 
malady increased after December 15 during the winter of 1937-38. 

Maine AaEicuiiTUBAL Expebiment Station, 

Obono, Maine. 
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A TRANSMISSIBLE LEAP-CASTING YELLOWS OF PEACH 


H. Earl Thomas, T. E. Rawlins and K. G. Parker 
(Accepted for publication December 1, 1939) 

The disease here cousidered first attracted our attention in Green Valley, 
Solano County, California, in 1932. It has since been seen in several 
orchards in that valley and in the neighboring Suisiai Valley, as well as in 2 
orchards in Contra Costa County. Similar symptoms have been seen in 4 
other counties. The disease has been seen on Early Craw^ford, Blberta, Fay 
Elberta, Muir, and Orange Cling. 

There is evidence of appreciable spread in some orchards. In a block of 
117 trees, where 37 trees were found affected in August, 1936, symptoms had 
been seen on a total of 49 trees up to mid July, 1939. 


SYMPTOMS 

The only tangible early-season symptom of this disease recognized thus 
far is a slight delay in the time of blossoming of affected trees. 

In the Green Valley area, where most of the observations have been made, 
growth may appear approximately normal, especially in the lower part of 
the tree, until toward the end of June. The distal parts of severely affected 
trees or branches usually make little or no growth but fail to present more 
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specific symptoms during the spring months. Eventually such branches die 
back, often accompanied by sunburn and invasion by shot-hole borers. A 
single tree may bear some severely affected branches and others, which are 
normal in appearance, even after the disease has been present in the tree for 
several years. 

More specific symptoms are seen in leaves from late June through July 
and August. Irregular portions of tlie leaf blade turn pale-green to yellow 
and become brittle, soon separating from the rest of the leaf (Fig. 1). Such 
areas often are surrounded by a purplish border. Affected leaves gradually 
take on a greenish yellow cast throughout, become somewhat rolled upward 
and, begumiug with the oldest leaves, are dropped until the entire shoot is 
bare (Fig. 2). Defoliation may be complete on individual branches by the 
end of July. Tufts of new leaves may appear later at the tips of shoots in 
.some situations. 



Fig. 1. Leaf symptoms on naturally affected peach, collected in the field, June 20, 
1939. 


A swelling of the larger veins is commonly present on affected plants in 
the greenhouse but is rarely seen in the orchards. 

More or less coincident with the dropping of leaves, the fruit on affected 
branches shrivels and drops; on a single tree as harvest approaches there 
may be on the ground or on the tree all sizes of fruits from small shrivelled 
mummies to those normal in appearance. 


relation to diseases of peach in other areas 
The characteristics of the disease in California agree closely with those 
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Fio. 2. Characteristic appearance of affected shoots from middle to latter part of 
summer* Many shoots are entirely defoliated at date of this collection, Sc|>tomber 8, 1937, 


described by Blodgett^ in Idaho. He is of the same opinion after having 
seen some of the affected orchards in California. There is close agreement 
also with the disease of peach described by Stoddard^ in the North* 

t Blodgett, B. C. Fruit diseases in Idaho, 1936. U. S. Dept. Agr. Bur. Plant Indus. 
Plant Disease Eptr. 21 i 89-96. 1937. 

dStoddard, B. M. The disease of peach. Connecticut (Now Haven) Agr. 

Stat. Circ. 122. I93B. 
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eastern States, witlx two exceptions, namely that all the leaves of affected 
shoots are dropped in the California orchards including those at the tips and 
that the percentage of infections when inoculations are made from peach to 
peach is low with the disease in California. It is probable, however, that the 
diseases are the same or very closely related. 

apparent relation to cherry BT7CKSK1N 

The leaf-casting disease of peaches was first noticed in a block of peach 
trees adjacent to a cherry orchard severely affected by the buckskin disease, 
the symptoms of wdiich have been described.'^' ** More recently cases have 
been found of association between affected cherries and peaches in 4 separate 
districts in 2 counties. Partly for this reason, 7 peach trees WTre inoculated 
early in 1932 with cherry sinons affected by buckskin. When no symptoms 
appeared in 1932, the same trees were reinoculated in 1933. The inoculated 
trees continued healthy in appearance in 1934 and 1935, but, in 1936, 4 of 
th(‘m developed symj)toms typical of the natural infection on peach, while 
3, kept as controls, remained healthy. 

This result ])roinpt€Hi 2 other experiments, whieh were made with trees 
plant(Kl early in 1937 and 1938, in each of whieh 10 Fay Elberta trees w’ere 
inoculated witli buckskin-cherry scions and 10 trees of each lot were h»ft as 
coiitr(»ls. ILu'e again none of th(‘ inoculated trees developed symptoms dur¬ 
ing the first growing season after inoculation, but, up to October, 1939, 3 
trees in one inoculat(‘d lot and 5 trees in the other developed clear .symptoms 
of llie })each disease, while the 20 control trees remained healthy. 

In 1932, 10 cherry tre<*s were inoculated with sciojis from diseased peach 
trees. The same 10 trees were again inoculated in 1933 by the same means. 
None of tliese inoculated cherry trees slunved symptoms of buckskin until 
1939 wiieu 2 of the trees slu)w^(»cl distinct symptoms of the disease. Since 
control cherry trees freipiently became infected, tliese results are not con¬ 
sidered significant. 

In several experiments in the greenhouse a total of 27 apparently healthy 
eherry trees {Pruims arlum), including 9 of the Napoleon variety, have 
been inoculated by inarching or grafting with scions of naturally affected 
peach. AltogetJier, 8 of these cherry trees have died, some of tliem rather 
suddimly and others after failing to make any growth for several months, 
but, since the more characteristic symptoms of buckskin are not discernible 
under the conditions of these tests, the deRth of the plants is not attributed 
with certainty to the inoculation. We are, therefore, still uncertain as to 
the transinissibility of the disease from peach to cherry. 

INOCI'LATION OF OTHER BPECTES OP PRTTNUS 

Tw^enty-five plants of the w^estern chokeeherry, Pntnufi demissa, trans¬ 
planted from the wild to pots, were inoculated from peach. Some of the 

sKawlins, T. E., aad W. T. Horne. ^"Buckskin,*’ a destnictive graft‘infectious dis¬ 
ease of the cherry. Phytopsith. 21; 331-3H5. 1931. 

^ Bawlins, T. E., and K. (I. I»arkor. Influence of root stock on susceptibility of sweet 
cherry to buckskin disease. Phytopath. 24: 1029-1031. 1934, 
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grafts were made in November, 1938, and others in February, 1939. The 
survivors of this experiment grew poorly and all failed to show any clear 
symptoms up to mid-October, 1939, though one of them bore doubtful symp¬ 
toms at this time. 

During February, 1939, 7 potted chokecherry trees were inoculated with 
buckskin sweet-cherry scions and 6 were grafted with healthy sweet-cherry 
scions. Seven were left ungrafted. Of the 7 inoculated trees 2 died and 4 
showed a conspicuous carmine (Ridgway) color on the lower leaves when 
examined on October 2, 1939. This color was more or less continuous along 
the edges of the leaves and between the main lateral veins. The upper side 
of the mid-rib and the main lateral veins remained green. None of the 13 
control trees showed this symptom distinctly; some did show a tinge of this 
color in some of the lower leaves. There is some evidence that the reddening 
of the diseased leaves is preceded by a chlorosis. Since the X disease virus 
of peach in the Eastern States is reported to cause a reddening of the leaves 
of infected chokeeherries,® our results may perhaps be considered as further 
evidence that the buckskin disease is identical with or closely related to the 
‘‘X’’ disease. 

Prmms demisaa, regarded by some botanists as a variety of the eastern 
chokecherry, P, virginiaiia, has not been found thus far in California in the 
vicinity of affected peach or cherry orchards. 

The only native Prunus species known to occur in such association are 
P. ilicifolia and P. mhcordata. The latter lias not been inoculated with the 
peach disease in sufficient numbers even to be suggestive. Both have been 
inoculated on a small scale with cherry buckskin, but with negative results. 

Ten or more plants of each of the following species were inociilattHl by 
grafting with affected peach scions, most of them in September, 1938: 
Prunus armeniaca, P. cerasifera, P. communis, P. ilicifoUay P. mahalcl). 
The results to date are negative, but, in view of the low incidence of infection 
in all the inoculation experiments (see below), ea)inot be regarded as con¬ 
clusive. 

A few almond and plum trees and a larger number of apricot trees have 
been seen in close proximity to affected peach trees in orchards, but without 
any symptoms to suggest that these are affected by the peach disease. 

INOCTJLATION EXPEKJMENTS WITH PEACHES 

From the beginning, the number of infections resulting from inoculation 
by grafting peach to peach was low. It was at first assumed that the virus 
had not had sufficient time to pervade the tree from which the inoculum 
was taken. When small branches, marked in autumn as bearing symptoms, 
were found to be uncertain sources of virus the following winter, it became 
apparent that some other explanation w’^as required. Even the scions used 
as inoculum often failed to develop symptoms, as well as to infect the inocu¬ 
lated trees. 

See footnote 2. 
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The results of inociilatioxis and the erratic distribution of symptoms 
through trees known to have been infected for several years suggested that 
the virus is not completely systemjxJ. This view is supported by the results 
of an experiment in which scions were taken from 3 small branches that 
arose from the same side of a larger branch within a distance of 22 inches. 
The middle one of these branches bore symptoms in September, 1937, while 
the other two did not. In February, 1938, 4 scions from the lower branch 
and 10 from each of the other two were grafted on potted peach seedlings. 
Up to September, 1939, 3 plants inoculated from the visibly affected branch 
liad developed symptoms, while only 1 plant in the two other groups 
appeared to be diseased. 

Of a few affected shoots or small branches marked in the autumn of 1937 
and left on the tree, at least 1 or 2 failed to develop symptoms in 1938. Fol¬ 
lowing this observation, 70 shoots exhibiting clear symptoms were marked 
in September, 1938, on trees of Early Crawford, Fay Elberta, and Orange 
Cling. Thirty-three of these were found on July 24 and August 15, 1939, 
ajid 11 of tliese, including some of each variety, appeared to be entirely 
free of symptoms. Tliis suggests that the virus does not necessarily persist, 
ev(ui in branches that have been invaded by it. Only one case of apparent 
recovery of an entire tree lias b(*en seen, however, and this is still in some 
doubt. 

Sevei‘al tests w’ere made with I'oots as a source of the virus. In one of 
these, 3 pierces of small roots from a diseased orchard tree were grafted on 
each of 5 nursery trees, whicli were then planted in a field plot. Five simi¬ 
lar trees were inoculated at the same time by grafting affected scions on the 
tops. After 21 years 2 of tlie trees inoculated from shoot scions had showai 
symiitoms, while none of those inoculated by roots had done so, although 
some of the root pieces used as inoculum were alive for at lea.st 1 year after 
inoculation. 

In another test, pieces of roots from diseased trees were grafted on the 
tops of 10 seedling peacJi trees in the greenhouse, and ten similar tre(»s were 
inoculated by scions from shoots. At the end of 12 months, 4 trees inocu¬ 
lated from roots and 6 inoculated from shoots had developed symptoms. 
Thus far the roots seem to be less satisfactory than shoots as inoculum. 

A few tests have indicated that the Orange Cling variety is a better 
source of virus than several other varieties. For example, 10 seedling peach 
trees were inoculate<l at the same time in the greenhouse with scions of each 
of the varieties Early Crawford, Fay Elberta, and Orange Cling. During 9 
mouths from the time of inoculation, 3 trees inoculated from Orange Cling 
displayed sjunptoms, while none were seen on trees of the other 2 lots. 

An experiment was made to teat the eflPect of susceptible and resistant 
stocks on the expression of symptoms. Successive scions from affected shoots 
were grafted alternately on potted plants of peach and myrobalan (P . cera- 
sifera)y i.e., the S(*ion from the base of a shoot was grafted on peach, the next 
on myrobalan, the third on peach, etc. All told, 50 scions were grafted in 
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this way. Sixty*five days later, 9 of the scions on inyrobalan had developed 
initial symptoms as against 2 of those on peach roots. Soon afterwards, 
however, this difference became less striking. 

SUMMARY 

A graft-transpiissible leaf-casting yellows disease of peach, Primus per- 
sica, is established in several counties in central California. It is similar to 
if not identical with diseases of peach in other areas, including the 
disease of the Northeastern States. There is evidence also that the disease 
may be -caused by the same virus as the buckskin disease of sweet cherry, 
Prunus oAxium. 

Observation of marked branches and grafting experiments indicate that 
the virus usually is not completely systemic in the tree and is not always 
present in branches known to have been affected in earlier years. Roots seem 
to be somewhat less effective than tops as sources of the virus. 

Division of Plant Pathologv, 

University of California, 

Berkeley, California. 


A SOFT ROT OP APPLES CAUSED BY TRICHOSEPTORIA 

FRUCTIGENA 

Mathias C . Bic h a k d s 
(Accepted fov publication Nov. 20, 1939) 

While collecting diseased apple fruits for class study, H. H, Wlietzel of 
Cornell University, selected among others 2 severely infected McIntosh 
apples. The fruits had well-developed soft-rot lesions, pai’tiully covered 
with the black, slightly erumpent pycnidia of a fungus (Fig. 1). The color 
of the skin over the lesions was vinaceous-fawn,^ glossy and sunken. The 
infected flesh of the apples was brown and similar in consistency to apples 
invaded by Penicillium expansum Link. A distinct margin separated the 
diseased and health}^ tissues. 

As the symptoms conformed to none of those of the common apple fruit 
rots, the specimens were given to the writer for further study, 

THE causal organism OBTAINED IN CULTURE 

A fungus was obtained in pure culture by planting small pieces of the 
infected apple tissue on potato-dextrose agar (1.0 per cent) and by pouring 
dilution plates. The fungi obtained by the 2 methods were identical, and 
it was later demonstrated that the true causal organism had been isolated. 
The fungus grew and fruited well on the agar medium, but its pycnidia 
(Fig. 2, A) were distinctly different in color and shape from those found 
on the original apple fruits (Pig. 2, B). 

1 Bidgway, Robert. Color standards and color nomenclature. 43 pp., illus. (Wash¬ 
ington.) 1912. 
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Pig. I. Mcliitosli njiplos on which the i>athogoii was original!}" found. 


When iiiierotome seel ions (18 p) of the pyenidia were cut and examined, 
it was found that the erumx>ent forms taken from the ag'ar enlture were 
covered with a mass of jrreyish hairs. The pyenidia taken from the ai)ple 
fruits were nonerumpent or only partly erumpent, black, and without 
“liairy” covering*. It was found during inoculation studies that, under cer¬ 
tain conditions, erurnpent iiycnidia were formed on infected apjiles. The 
factors responsible for the development of the two types of fruiting bodies 
will be discussed later. 



Fig. 2. A. Microtome section of pyenidia produced on potato-dextrose **^8*^^* 
Section, of pyenidia formed on McIntosh apple. C. Germinated coiiidia of the pathogen. 
B. Oonidia and conidiophores. 
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EFFECT OF DEXTROSE ON THE GROWTH AND REPRODUCTION 
OF THE PATHOGEN 

The fungus did not grow or reproduce well on potato-agar without sugar. 
On test-tube slants, hyphae of about 2 cm. in length developed before growth 
stopped, and only a few immature pycnidia w^ere formed. When dextrose 
was added to the medium at concentrations of 1, 2, or 5 per cent, thick, black 
mycelial mats developed within 10 days at room temperature (about 20® C.). 
The hyphae in contact with the agar at first were deep green, but later 
became black. The aerial hyphae were grey. 

Drops of a black watery substance formed on many of the pycnidia, 
particularly on the slants containing 2 and 5 per cent dextrose. In others, 
conidia oozed from the fruiting bodies and formed in greyish masses at 
their apices. 

When the dextrose content of the medium w^as increased to 10 per cent 
the mycelial mats were not so thick as those on media with the lower sugar 
concentrations. There were also fewer aerial liyphae and the pycnidia, 
although numerous, were small and immature. 

OPTIMUM TEMPERATURE FOR THE GROWTH OF THE PATHCKiEN 

The optimum temperature for the growth of the fungus was determined 
from 2 series of tests. In one, the organism was gi’own on 1 j>er cent potato- 
dextrose agar in Petri dishes, the dishes being placed in duplicate in tem¬ 
peratures, varying at 3-degree intervals, from 3® to 30® (\ 

In another test McIntosh apples were inoculated and placed in duplicate 
at the same temperatures as the agar cultures. Measurements of the lesions 
oil the fruits and the diameters of the mycelial growths on the plates were 
made at the end of 8 and 14 days. 

The optimum temperature for the growth of the pathogen, as determined 
from both tests, was found to be near 21® C. 

Effect of Temperature on the Production of the Pycnidia 

The cultures used in the previous test were removed from the constant- 
temperature chambers at the end of 21 days and left at room temjiei^ature 
(about 20® C.). In all cases the colonies continued to grow; in time, they 
completely covered the surface of the agar in the Petri dishesK Later, 
pycnidia developed abundantly on the mycelium formed at temperatures 
below 18® C. Only a few pycnidia developed on the mycelium,formed at 
room temperature or on that produced in temperatures above 18® C. 

These studies indicate that the optimum temperature for the formation 
of the pycnidia is lower than it is for vegetative growth. 

PATHOGENICITY STUDIES 

The pathogenicity of the fungus was determined by inoculating 2 or more 
fruits from each of 25 varieties of apples. The inoculations were made by 
cutting a V-shape notch about i in. deep in each fruit with a flamed scalpel 
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and the insertion of a small amount of mycelium taken from an agar culture. 
After sealing the notch with a gummed paper the apples were placed in glass 
containers and held at 15'^ C. for thirty days, when all of the inoculated 
fruits were found to be severely infected. 

The color and size of the pyenidia as well as the abundance of fruiting 
of the pathogen varied greatly on the apples used in the test. On the 
variety Arkansas no pyenidia were formed (Fig. 3, A). On Golden Deli¬ 
cious, Jonathan, Northern Spy (Pig. 3, B), and Turley only a few black, 
partially-erumpent, pyenidia formed at or near the lenticels. With Duchess 
of Oldenburg (Pig. 3, D), Pameiise, McIntosh, Maeoun, Milton, and Wealthy 
numerous bla(*k, partially-erurnpent, pyenidia formed on a large part of the 
aj)ple. On Carleton, Cortland, Gano, Hubbardston, Lobo, Mother, North¬ 
western Greening (Pig. 3, C), Red Delicious, Red Canada, Rhode Island 
Greening, Roxbnry Russet, Smokehouse, ToJman Sweet, and Twenty Ounce, 
numerous greyish-erumpent fruiting bcnlies developed. In all but 2 



Fig. 3. The foriuation of pyenidia on four different apple varieties imder the stu^ 
conditions of temperature and relative humidity, A. Arkansas. B. ivorthern bpy. L, 
Northwestern Greening. 1). Buchess of Oldenburg. 
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imtances the symptoms were the same on both fruits in each of the varieties 
inoculated. 

As the tissue of the fruits became infected the skin on the red varieties 
changed to a vinaeeous-fawn and appearetl more waxy than normal. The 
skins of the yellow and green varieties changed to an ochraceous-buff and a 
Dresden-brown, respectively. The surfaces of the lesions were dull rather 
than waxy. At temperatures above 21*^ C. the skins on the red varieties 
changed to a dull brown instead of fawn. 

Factors Determining the Type of Pycnidia Produced 

The number and the kind of pycnidia formed on the inoculated fruits of 
the 25 apple varieties varied considerably. It was noted, however, that, 
with the exception of Cortland, the 15 varieties on which the erumpent 
pycnidia developed were of the late fall or winter sorts all of which have 
thick skins. Nonerumpent pycnidia developed in all cases on the fruits of 
the fall varieties that have thin skins. 

Later investigations showed that, under certain conditions, those fruits 
with thin skins lost sufficient moisture during infeidion and that only non¬ 
erumpent pycnidia formed on the surface of the apples. 

In several tests where fruits from the thin-skin varieties were inoculated 
and held in relative humidities (usually above 60 per cent) liigli enough to 
prevent excessive loss of moisture from the fruits, erumpent pycnidia 
formed. At lower humidities the nonerumpent fruiting bodies developed. 

Apples with thick skins usually retained sufficient moisture for the pro¬ 
duction of the erumpent pycnidia. However, when the humidity was low 
enough to cause sufficient loss of moisture (in one test it was 10 per (‘cnt 
with Baldwin apples), the nonerumpent fruiting bodies developed. 

Only as it aifects the loss of moisture from infected fruits does tempeu’a- 
ture within the range of 3-21° C. influence the type of pycnidia formed. 
In no case, either in culture or on apple fruits, were pycnidia produced by 
the pathogen in temperatures above 24° C. 

Under common apple-storage conditions one may expect to find both the 
erumpent and nonerumpent types of pycnidia on infected fruits. 

The Conidia as Inoculum 

The conidia were shown to serve as inoculum when viable conidia of the 
pathogen were atomized on the uninjured surfaces of McIntosh and Golden 
Delicious apples, held in moist chambers at 15° C. At the end of 14 days 
the McIntosh fruits were diseased, and later, fruiting bodies of the pathogen 
developed on the lesions. The Golden Delicious apples remaifled unaf¬ 
fected. Where the skins of the fruits from both varieties were punctured 
before inoculation, with a sterile needle, the fruits of both varieties became 
infected. 

Infected Apple Tissue as Inoculum 

Tests showed that when infected apples touched healthy fruits they 
were sources for spread of the fungus under storage conditions. Brown 
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lesions developed on McIntosh apples from which the pathogen w^as isolated, 
when pieces of infected apple tissue were left on the uninjured skins of 
the fruits under moist conditions. It is not known whether the fungus will 
penetrate the uninjured epidermis of the thick skinned varieties. 

Twig Inoculations 

Attempts to obtain infection on one*year-okl and current-season growth 
of Rhode Island Greening apple twigs, by inserting bit§i of the mycelium 
into cuts in the bark, were unsue(*essful. The inoculations were made in 
the greenhouse and the cuts were covered with wax to prevent drying during 
the test period. 

IDENTIFICATION OF THE PATHOOKN 

For identification of the pathogen parts of the original apples containing 
fruiting bodies of the fungus were sent to David H. Linder at Harvard 
University. There it was identified as Trichosepforia fructigena Maublanc.* 
He pointed out that this was the first report of the finding of a species of this 
genus in America. The genus Triehoseptoria^ differs from Sepforia in that 
the pycnidia formed by species of the first genus have a hairy covering, w^hile 
those of the latter do not. 

Maublanc described the pathogen and the symptom of the disease as fol¬ 
lows (translation) : 

Spots somewhat large, deprovsscd, pale reddish yellow. Pycnidia suhepidennal be¬ 
coming eruinpont and then superficial; separate, l>eeoming wavy, confluent, with a 
twisted, hyaline, hairy, covering. Spores cylindrical, curved, both ends obtuse; granular, 
with a large central oil drop; rarely 3'guttulate and indistinctly 2 septate, hyaline, 18- 
23 3-3.5 u. (Vniidiophores unequal in length, simple or basally branched. In mature 

fruits of ryrua matvif and Cydoiiia rulgarifi in France. 

The development of the pyeiiidia and measurements for the conidia of 
Mauhlaiie’s fnntrns elosely afrree with those made on the fungus under obser¬ 
vation, The eonidia measured were 17.0-23.8 p long by 2.3-3.4p wdde. 
The eiirved spores, illustrated and described by Maublauc, were observed 
within the jiyeuidia only. Conidia liberated from the fruiting bcalies were 
found to be straight, rarely slightly curved and were pointed at the basal 
end and not obtuse on both ends (Fig. 2, C). Neither germinated nor un- 
gerrainated septate conidia were observed by the writer and it was found that 
the conidiophores (Fig. 2. C) were mueh more complex than described or 
illustrated by Maublanc. 

With the exception of these feAv differences the fungus studied by the 
writer closely resembles Trichosepforia frvetigena Maublanc and is con¬ 
sidered to be the same. 

SUMMARY 

A fungus causing a soft rot of Meintosli apples was obtained in pure 
culture by the writer. It was taken from diseased fruits collected by H. H. 

2 Maublanc, M. A. Triehoseptoria frucHffena, nov. sp. Bui. Mye. 8oe. Prance 21: 
96-97. 1905. 

s Bender, Harold B. Trichnxcptoria. The Fungi Imperfecti: Order Sphaeropsidaies, 
p. 7. 1984. 
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Whetzel. David Linder identified the organism as Triehosepioria fructigma 
Maxiblanc. 

So far as the writer has been able to determine this is the first report of 
the finding of this pathogen in North America. 

The pathogenicity of the fungus was tested on the fruits of 25 varieties 
of apples and the signs of the pathogen and the symptoms of the disease were 
studied and described, ‘ 

The pathogen grows and reproduces well on 1 per cent potato-dextrose 
agah The optimum temperature for growth, both on agar and on apple 
fruits, is about 21° C. The optimum temperature for pycnidial formation 
is believed to be somewhat lower. 

The effect of temperature and relative humidity on the formation of the 
pycnidia is discussed. 

The conidia of the pathogen and infected apple fruits may serve as 
inoculum. 

Department of Plant Pathology, 

Cornell University, 

Ithaca, New York. 


ETHYL MERCURY IODIDE—AN EFFECTIVE FUNGICIDE 
AND NBMACIDE 

W. K. Lam HERTS 
(Accepted for publication October 28, 

Experience over a period of years with various (diemical methods of 
damping-off (jontrol has emphasized the need for some soil disinfectant that 
will control both pre- and post-emergence damping-off, and remain effective 
over a period of several months. Particularly is this protection needed for 
seeds requiring a long germination period and seedlings especially sensitive 
to soil-borne damping-off fungi. The following representative ext)eriments 
indicate such surprisingly efficient fungicidal and nemacidal qualities in a 
product known as DuBay 1155~HII* that we are led to believe it meets the 
above requirements. 

Six half flats, 3"x 9"x 18", were filled with a mixture of J loam, i com¬ 
post and i peat (Fig. 1). Two of these were left nontreated, two were 
treated with DuBay 1155-IIH, at the rate of IJ grams per square foot,* 
and the soil of the 2 remaining flats xvas autoclaved at 30 lbs, pressure for 

1 DuBay 1155—HH was obtained from Bayer-8cme«an Company, Iiic., and contains as 

the toxic ingredient 5 per cent ethyl mercury iodide, « 

2 When treating soil, DuBay IISS-HH should first be thoroughly mixed with about 
30 to 50 times its weight of dry soil or sand. This concentrated mixture is then spread 
over the surface, first in one direction and then at right angles, thus securing a uniform 
covering. A dibble may be used to thoroughly mix this concentrated mixture with the 
rest of the soil. It is necessary to allow a waiting period of 4 to 7 days, the time vary^ 
ing according to strength of treatment, amount of organic material in the soil and 
type of seed planted. Great care should be taken to weigh out the proper quantity of 
DuBay 1155-HH foi the medium to be treated. If too much is used root injury is very 
likely to occur, and may easily prove fatal to the plant. One half gram per square foot 
or loss is gufiieient for disinfecting river sand. 
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Fkj. 1. of soil troiitmouts on seodling emergence and growtli. The same soil 

mixture was used in all flats. A. 8oiI autoclave<i one hour at ItO pounds* pressure. II. 
Hoil treated with DuBay HotV-TIIl, the same as 1>. Note larger size of leaves and plants 
in chemically treated soil. V. Nontreated control. I). Treated with DuBay 1155-HH 
at tilt* rate of J.o g. jier stj. ft. Note poor emergence and survival of stocks, phlox, violas 
and asters in nontreated eontrol. Thr .srrd.s were planted the .same wap in alt flat.s. 

1 hr. Dll Deeeinbor 8, 1938. Six days later strips of stocks, Phlox drum- 
mondi, Viola cornuta, White Perfection, and asters, were planted in each 
flat. Seedlings emerged first in the treated flats, next in the autoclaved soil, 
and finally, about a week later, in the eontrol. The emergence data are sum¬ 
marized in table 1. 

The post-emergence damping-off in the control flats occurred soon after 
needling emergence. From 5 to 14 times more seedlings emerged and sur¬ 
vived in the treated flats than in the control. Growth was more vigorous 
than in either autoclaved soil or control. This difference was especially 
marked about 3 to 4 weeks after emergence, when the photographs shown in 
figure 1 were taken. In *spite of the greater spa<»e per plant in the eontrol 
and ill the case of the stocks and phlox in the autoclaved soil as well, the 
individual plants in the treated soil had more and larger leaves, v?ere much 
darker green, and bore heavier stems. The stimulation noted after treating 
soil can hardly be due then solely to suppression of the fungus and resultant 
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TABLE 1.“—Ejfect of steam sierilizaiion o»(2 soil treatment on seedling emergence as 
shown by total number of seedlings surviving after different treatments 


Variety 

seed 


Coutrol 


Autoclaved 30 lb. 
1-hour 

Treated li g. of 
BuBay 1155-HH 
* per sq. ft. 

Flat 

1 

Flat 

2 

Total 

surv. 

Flat 

1 

Flat 

2 

Total 

Flat 

1 

Flat 

2 

Total 

Stocks—100 
seeds per flat 

12-0*^ 

23-0 

35 

64-0 

22-0 

86 

90-0 

60-0 

150 

Phl()x—300 
seeds per flat 

5-0 

f)-0 

1 11 

12-0 

13-0 

25 

35-0 

47-0 

82 

Viola—200 
seeds per flat 

40-30 

51-38 

23 

165-0 

156-0 

321 

172-0 

152-0 

324 

Asters—200 
seeds per flat 

14-10 

12-7 

__1 

9 

47-0 

27-0 

74 

43-0 

1 

i 

70 


a Figures to left in cncli coiumn indicate number of seedlings emerging; those to the 
right, number that damped off after emergence. 


healthier root system; it must be due to some etfeet of tlie ehemieal on either 
the soil or directly on the plant. 

In view of the strong fungicidal properties shown by DuBay 1155-HH 
in numerous experiments, of which the recent one above reported is typical, 
the following test of its value as a nemaeide was made. 

On March 31, 1938, a flat of potting-up soil fairly high in organic con¬ 
tent was mixed wdth five 4-inch pots of soil so lieavily infested with nema¬ 
todes that the Convolvulus cneornm plants were alnu>st dead. Roots bearing 
nematode knots also were included. This soil was then divided into 2 parts 
and placed in half flats, one of which M^as treated with DuBay 1155-HH at 
the rate of 2 g. per sq. ft. and the other was left iiontreated. Two hundred 
seeds of Marglobe tomato were sown in each flat on April 13, 1938. (lernii- 
natiou was excellent in both flats. Examination of the plants on May 28, 
1938, showed 158 infested in the nontreated control. Most of these plants 
had the roots completely covered with knots, some bore only a few knots, 
and 2 plants apparently had escaped infestation. All of the 145 plants in 
the treated flat were completely free of root knots and w^re about a third 
larger than the control plants. 

Of each group 24 jdants were transplanted into ordinary nontreated soil 
on May 28,1938. On July 20,1938, all the plants from the treated soil were 
free of root knots, wdiile most of the new roots formed on control plants were 
infested. Periodic examination of the plants was made and, by October 
12th, most of the plants in the control group were dead from the severe 
infestation. One ex(*eptioiial plant bore only 8 very small knots. ^ Three of 
the plants from the treated soil had a few small knots, indicating that they 
recently had become infested by drainage from the nontreated control plants 
next to them. The other plants from treated soil were all clean. The strik¬ 
ing difference in roots of these 2 groups of plants is shown in figure 2. 

The above encouraging results led to the following experiment with 
cuttings, apparently free of knots, which had been rooted in ordinary non- 
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Fia. 2, A. Tomato plants fm* of root knot aftor growing in treated soil. B. Those 
grown in nontroat(?d soil. DiiBay IISS-HII was used at the rate of 2 grams per sq. ft. for 
soil treatment. 

treated sand. These were divitled into 3 groups and potted up in non- 
treated, infested soil; infested soil, treated witli DuBay 1155~HH at the 
rate of 2 g. per sq. ft.; and infested soil, treated at the rate of 3 g. per sq. ft. 
The soils were treated on June 3, 1938, and the cuttings were transplanted 
to pots on June 18, 1938. 

Tlie results as determined by examination on October 13, 1938. are sum¬ 
marized in table 2. No control wm run for ISfreptosolen or Bouvardia 
because these species are so susceptible to nematode attack as to show knots, 
even when the nematode population in the soil is very low. Complete con¬ 
trol by treatments of both 2 and 3 g. per sq. ft. was obtained in all, except 
3 plants of Bouvardia humboldti. The plants in treated soil were trans¬ 
planted to 4-inch pots on October 15, 1938, containing soil treated at the 
rate of 2 g. per sq, ft. All were growing very vigorously and the roots were 
completely free of root knot when examined on December 23, 1938. 
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TABLE 2.— Svmmury of resvXis obtained with VuBay 11S5-^HE applied at indicated 
strengths to soil heavily infested with nematodes, Plants examined October 16,1938 


Species 

Control 1 

2 g. sq. ft. 

3 g. sq. ft. 

1, Baddleia 

All 12 plants infested. 

12 plants free <vf 

12 plants free of root 

asiatica 

Only about I size of : 
those in treated soil 

root knots. Very 
vigorous 

knots. Very vigor¬ 
ous 

2. Abelia 

floribtinda 

All 13 plants heavily 
infested 

All 12 plants free 
of root knots 

All 9 free of 

root knots 

3. Streptosolen 
jamesonii 

No control 

All 18 plants free 
of root knots 

All 18 plants free of 
root knots 

4. MuelUa 

macraniha 

All 9 plants heavily 
infested 

All 17 plants free 
of root knots 

All 15 plants free of 
root knots 

5. Bouvardia 
humboldti 

No control 

3 plants infested; 2 
free of knots 

All 5 plants free of 
knots 

6. Bouvardia 
Coral Gem 

No control 

All 4 jjlants free of 
knots 

All 6 plants free of 
knots 


The complete eradication of nematodes from heavily infested i)()ttin<? soil 
effected by DuBay 1155~HH, in these experiments, has led to larpre scale 
commercial treatments of potting soil and tests of its value as a field disin¬ 
fectant. Experiments testing its value in the control of damping-off in 
citrus and particularly sensitive species of ornamentals also are in progress. 
Beports on the results of these tests will be submitted later. 

Armstrong Nurseries, 

Ontario, California. 


A mOkSaic disease of rape and other cultivated 

CRUCIFERS IN CHINA 

Lee Lino and J u h w a Y . Y a n g i 
(Aeoopted for publication Nov. 24, 3939) 

A mosaic disease on rape and various other cultivated crucifers is wide¬ 
spread in different districts in China, often causing considerable losses. To 
determine whether it is identical with any of the virus diseases of (*rncifers 
reported from other countries, observations and experiments have been made 
since 1937 on symptoms, host range, and properties of the virus. The results 
so far obtained are presented in this paper. 

The symptoms of the disease, both in the field and in the greenhouse, are 
somewhat similar to those of the turnip mosaic on Long Island, New York, 
as described by Tompkins (4). The infection manifests itself indhe begin¬ 
ning as a systemic, conspicuous clearing of veins, usually commencing at or 
near the base of the leaf and gradually spreading over the entire leaf. Gen¬ 
erally, this stage may last for 2 to 3 weeks. In certain cases, particularly 
under higher temperatures, clearing is soon replaced by vein banding. Dur- 

1 Tlie writers are grateful to Dr, C, M. Tompkins of the California Agricultural 
Experiment Station, U. S, A., for his kindness in furnishing seed of certain crucifers used 
in his virus work^ 
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ing the later stages of infection, numerous, raised or non-raised, dark-green 
islands of irregular outline appear in the chlorotic area between the veins, 
giving rise to a mottled appearance (Pig. 1, A). All the above-mentioned 
stages of infection are often accompanied by curvature of the midrib and 
distortion of the leaf blade. Low temperatures favor the expression of symp¬ 
toms, and temperatures higher than 20“ C. usually induce their masking. 
Plants infected early are usually severely stunted and often killed, but those 
infected late in their development are stunted only slightly or not at all. 



ITig. 1, Symptoms produced by the rape-mosaic virus on leaves of certain crucifers by 
artideial inoculation in the greenhouse* A. Mottling on rape. B. Vein banding on Chi¬ 
nese cabbage, with noninoculated leaf at right. C. Late stage of vein clearing on turnip. 
B, Vein banding on turnip. 
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Attempts to transmit the disease to rape seedlings in the greenhouse by 
means of rubbing the leaves with expressed juice from diseased plants were 
unsuccessful. When powdered carborundum (3) was added as an abrasive, 
infection was obtained in a low percentage of cases. The incubation period 
ranged from 18 to 26 days. In experiments on inseet transmission, only the 
green peach aphid {Myzus persime Subser) was used. Approximately 50 
per cent infection was obtained, with the incubation period ranging from 
15 to 24 days. Field trials on seed transmission failed to yield positive 
evidence. " 

In addition to rape, Chinese cabbage (BraHsica chinensis L.), turnij) (S. 
rapa L.), leaf mustard (J?. juncea Coss.), and Chinese radish (Baphanus 
sativns L. var. longi0innatus Bailey) were found infected with the same 
virus in nature, the symptoms being identical with those shown by inoculat¬ 
ing rape with expressed juices. The results of mechanically inoculating 
certain cultivated crucifers in the greenhouse are summarized in table 1. 


TABLK 1.— Smceplihility of certain cultivated crucifers to the rape-mosaic virus as 
determined hy artificial inoculation in greenhouse, 


Bpocies and common 
name 

Horticultural 

variety 

Number 

plants 

inoculated 

Number 

plants 

infected 

Average 
incubation 
period, in 
days 

Brassica chinensis L. 





([lak'Choi) 

Local (large 





typo) 

Tjooiil (8nmll 

54 

5 

29 


tyjH-) 

54 

0 


B. pe-isai Bailey (pc-tsai) 
B, oleracea L. var. capi- 

Wong Bok 

28 

3 

14 

tat a L. (cabbage) 

Local 

4(> 

0 


Winter Oolma 

21 

0 


B. oleracea L. var. caulo- 





rapa DC. (kohlrabi) 

B. oleracea L. var. boiry- \ 

Loeal 

48 

0 


tis L. (cauliflower) | 

February ; 

1 58 

0 


B, rapa L. (turnip) ; 

1 

Local i 

Purple Top 
White Globe 

54 

11 

22 


34 

10 

14 

B. juncea Cosa. (leaf 
mustard) 

Baphanus sativus L. 

Local 

52 

5 

27 

(radish) 

B, sativus L. var. longi- 

White Icicle 

31 

0 


pinnatus Bailey (Ohi- 
nese radish) 

Local (round 





type) 

Local (spring j 

54 

24 

26 


j type) ] 

' 54 

1 

10 

_ 

•* OK 

.r*' 


Purple-top White-globe turnip was shown by Tompkins and Thomas 
f 5) to be the best host for separating the viruses of (jrucifers that they studied. 
In our study with this particular host, as well as the local variety of turnip, 
the symptoms produced by the rape-mosaic virus are characterized by sys¬ 
temic, coarse vein clearing (Pig. 1, C), ruffling of the leaf, followed by coarse 




1940] 


Lino and Yang : Mosaic Disease of Crucifers 


841 



Fig. 2. Symptoms produced by the rape-mosaic virus on leaf mustard under natural 
conditions, showin^j rugosity and distortion of leaf and stunting of plant. A. Healthy 
plant. B. Infected plant. 

mottling, Avith raised, dark-green areas interspervsed (Pig. 1, D). On Chinese 
cabbage, a systemic, coarse, and yellowish type of vein banding (Fig. 1, B) 

TABLE 2. —Properties of the rape-mosaic virus 


Longevity in vitro, 11'’-13® C. 


I'iine aged, 
in hours 

Number 

plants 

inoculated 

Number 

jilautfl 

infected 

!l Time aged, 

|j in hours 

Number 

plants 

inoculated 

Number 

plants 

infected 

0 

18 

11 

96 

18 

2 

4 

18 

6 

•i 120 

18 

3 

8 < 

18 

3 

144 

18 

0 

12 

17 

2 

; 168 

18 

1 0 

24 

18 

4 

!; 192 

18 

0 

48 

18 1 

6 

i 216 

18 

‘ 0 

72 

18 ! 

2 

1 240 

18 

1 0 


Tolerance to dilution 


Dilution 

Number 

plants 

inoculated 

Number 

plants 

infected 

} Dilution 

1 Number 
plants 
inoculated 

Number 

plants 

infected 

0 

36 

4 

1: 3000 

36 

2 

1:10 

36 

T) 1 

1: 4000 

i 36 

1 

1:100 

36 

5 

1: 6000 

36 

3 

1:500 

36 

4 

1 1: 7000 

! 36 

0 

1:1000 

36 

1 

j 1: 8000 

36 

0 


Thermal inactivation point 


Temperature, 
in degrees C., 
for 10 min. 

Number 

plants 

inoculated 

Number 

plants 

infected 

Temperature, 
in degrees C., 
for 10 min. 

Number 

plants 

inoculated 

Number 

plants 

infected 

Control 

9 

6 

65 

9 

0 

50 

9 

3 

70 

9 

0 

65 

9 

2 

75 

9 

0 

60 

9 

3 
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is predominant, often accompanied by the curvature of the midrib and the 
stunting of the plant. On leaf mustard, the rape-mosaic virus causes pro¬ 
nounced rugosity, distortion pf the leaf, and severe stunting of the plant 
(Pig. 2). Symptoms on Chinese radish are similar to those described for 
rape. Cabbage and cauliflower, the other two differential hosts used’by 
Tompkins and Thomas (5), failed to show any sign of infection after 
repeated artificial inoculations. 

In the study on the properties of the virus, the local variety of rape was 
used as the test host. The virus in extracts from rape was inactivated at the 
end of 6 days after storage at a temperature of 11° to 13° C. The thermal 
inactivation point for a 10-minute exposure in a water bath was between 60° 
and 65° C. A tolerance to dilution of 1 to 6,000 was established. The 
restilts of different trials are summarized in table 2. 

Although similarities in symptoms are found between the rape mosaic 
and the turnip mosaic (4), the host range serves as a chief differential char¬ 
acter. The rape-mosaic virus is unable to infect cabbage and cauliflower. 
On the other hand, rape is not listed as a host of the turnip mosaic. Further 
search of the literature reveals only two cases, one from Germany (2) and 
the other from New Zealand (1), where rape is recorded as being susceptible 
to virus disease in nature. The descriptions given in both cases, however, 
are not in agreement with ours either in respect to sjmuptoms or host range. 
On the basis of the information hitherto available, therefore, our rape mosaic 
appears to be an undeseribed one. 

SUMMARY 

A description is given of a mosaic disease occurring on rape and 4 other 
cultivated crucifers in China. Characteristic symptoms consist of vein 
clearing in the initial stage of infection, followed by vein banding and con¬ 
spicuous mottling with dark-green areas. Under greenhouse conditions, the 
virus is transmissible by the green peach aphid and also by mechanical rub¬ 
bing, with powdered carborundum added as an abrasive. The virus remains 
infective after a 10-minute exposure to a temperature of 60° C., after storage 
for 5 days at 11° to 13° C., and after being diluted to 1 to 6,000. 

The Szechuen Provincial Agricultural Improvement Institute, 
Chengtu, China. 
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PHYTOPATHOLOGICAL NOTES 

Tomato Fruit Pox .—^An abnormal condition affecting green and ripe 
tomatoes was found in southwestern Texas in 1937, and was mentioned 
under a tentative name of fruit mottle.* The first symptom on green fruits 
consists of many conspicuous, abnormally dark green dots scattered over the 
fruit surface. Where numerous, these dots give the fruits a mottled appear¬ 
ance (Fig. 1, A). The dark green spots vary from a very small speck to 
about 3 mm. in diameter, and are round, elongated, or irregular. Al¬ 
though often distributed at random in the fruit surface, they are more 
frequently found along the meridians exatending from the stylar sear to 
the pedicel (Pig. 1, B). Several of tlie spots may coalesce and form a 
streak with its long axis usually oriented meridionally. Later, many of 
the dark green spots become sunken as pits or pox with ruptured surface 
tissues (Pig. 1, C, 1)). This abnormality was named “tomato fruit pox’’ 
because of the pock-like marks in the fruit peel.* 

The dark green mottle spots are found on fruits of all ages, while most 
of the pox marks are found on green-wrap, pink, and ripe fruits. The 
change from the unbroken, dark green spots to the pitted, pox stage occurs 
in a few days, according to observations of many fruits in the laboratories. 
Presumably, this change may occur also during transit and storage. As 
fruits turn pink and red, the dark green spots remain green or turn yellow, 
while the i)OX may cork over and appear as an abnormally large lenticel 
upon the surface of the fruit. Besides making tomatoes unmarketable as 
first grade fruits, the pox spots may serve as points of infection for fungi 
and bacteria. 

The dark green spots and pox marks appear to be the only symptoms of 
the trouble, since no other correlated symptoms have yet been found in the 
plants bearing the affected fruits. Usually all or nearly all of the fruits 
of affected plants show pox symptoms. More than 90 per cent of the plants 
were found to be affected in some fields, whereas only a trace of diseased 
fruits was found in other fields in the same season. Since its discovery, 
tomato fruit pox has been obserx-ed in five seasons of spring and fall crops 
(1937 to 1939) in the Winter Garden region of Texas. It caused serious 
economic loss there in the fall of 1938. In some fields, about 10 per cent 
of the harvested fruit was discarded because of pox injury. Examina¬ 
tion of the green-wrap tomatoes at a shipping platform in that season re¬ 
vealed pox symptoms on 10 to 20 per cent of the fruits of some lots. A few 
affected fruits were found near Jacksonville, Texas, in 1938 and 1939. 

The geographic range of tomato fruit pox is partly known. In the 
winter of 1938-39, the senior writer found pox-affected tomatoes on the 

* Toiing, P. A., G. E. Altstatt, and A. L. Harrison. Plant disease survey of south¬ 
west Texas. IT.S.D.A. Plant His. Rptr. 22: 8. 1938. , 

*Ivanoff, S. B. Tomato fruit “pox,” Texas Agr. Exp, Station Fifty-first Annual 
Report, p. 261,1938. 
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Fig. 1. Tomato fruit pox. A. Green tomato fruit allowing numerous small^ dark- 
green areas* the early sj^mptoms of the disease. B. Green fruit showing tho same areas 
grouped mainly along the meridians extending from the styiar scar to the pedicel. 0 and 
D. Green fruits showing many pits or pox at places where the dark green spots had been. 
Photographs by I/. B. Hawthorn. 

markets in Washington, D. C., Virginia, Georgia, and Alabama on fruit 
shipped in (according to information secured from wholesale dealers) from 
Florida, Texas, Mexico, Puerto Rico, and Cuba. In the sumn^r of 1939, 
fruit pox was found to a slight extent affecting Pritchard tomatoes in a few 
ffelds in Illinois and Wisconsin. 

As to varietal snsceptibility, fruit pox in Texas was found most fre¬ 
quently affecting the Pritchard and Stokesdale varieties of tomato, but 
Marglobe, Rutgers, Bonny Best, Earliana, Summerset, and Globelle also 
were affected. 

The cause of tomato fruit pox is unknown, as far as the writers are 
Aware. No bacteria or fungi have been isolated from affected fruits despite 
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many attempts to cultiire a pathogen. Microscopic examinations of affected 
tissues have not revealed any microorganisms. Apparently, the condition 
is not hereditary, as it affects many varieties, is found to some extent in 
many regions, and seed from pox-affected fruits produced plants that bore 
only normal fruit. It causes serious economic loss of quality in tomato fruit 
and, therefore, meritts further study. The writers would appreciate receiv¬ 
ing information about the occurrence of this abnormality in other regions.— 
S. S. IvANOFP and P. A. Young, Texas AgriciUtimal Experiment Station, Sub¬ 
station No. 19 at Winter Haven and Tomato Disease Laboratory at Jackson¬ 
ville. 

Uccdling Stem Blight of Soyiean Caused hy Olomerell-a glycines. —^Al- 
tliongh Lehman and Wolf,^ in their paper on soybean anthracnose, stated 
that soybean plants in all stages of development are subject to infection by 
Glomcrella glycines (Hori) Lehman and Wolf, their description of the dis¬ 
ease is limited to the effect of the parasite on mature plants. In soybean 
fields in Szechuen Province, West China, it has been observed frequently 
that seedlings sometimes are killed by the anthracnose fungus soon after 
emergence. Infection first appears on the cotyledon as darkened cankers 
and gradually extends downward to the hypoeotyl (Pig. 1). The young 
stem is rotted and after a .short time collapses. In ease the infection fails 
to spread as described, the primary leaves, altliough in contact with the 



Pia. 1. Glonveretla glyemt s ou the cotyledon# and hypoeotyl# of soybean seedlings. 

1 Lehman, 8. G,, and Frederick A. Wolf. Soy-bean anthracnose. Jonr. Agr. Be#. 
[IT.S.] 8S: 881-^90. 1926. 
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cotyledons, will not be affected. During wet weather, setose, black acervuli 
of the fungus are produced abundantly on the lesion. 

In a study of parasitism on seedlings, experiments were made with a 
strain of nionosporous origin, designated as 2a. Artificial inoculations in 
sterilized and nonsterilized soils were made in 3 ways: (1) By soaking the 
seeds for one hour in a spore suspension of the fungus; (2) by pouring a 
spore suspension over the soil surface; (3) by mixing the fungus culture 
with the soil. For each treatment, 100 seeds of the locally used variety of 
soybean were planted. As shown in table 1, the fungus is able to kill the 
seedlings in either pre- or post-emerging stages. When seeds were soaked 
in spore suspension, half or more were killed before emergence and the 
rest after emergence, so that complete failure of the plants resulted, regard¬ 
less of whether the soil was sterilized or not. When the inoculum was mixed 
directly with the soil, the percentage of seedling survival appeared to be 
higher in iionsterilized than in sterilized soil. Apparently this might be 
the result of antibiotic action of other soil organisms present. Another 
series of experiments in which a mixture of 5 strains of the fungus was used 
gave similar results. 


TABLE 1 .—EesMs of inoculating avyheans mth strain Sa of Glomerella glycines*^ 



Sterilized soil 

Non sterilized soil 

Treatment 

[ No. plants 

1 Plants killed 

No. plants 

Plants killed 

emerged 

1 after emergence 

emerged 

after emergence 



! No. Per cent 


No. 

Per cent 

Seeds soaked in spore 






suspension 

Spore 8n8pen.sion 

36 

36 100 

1 

41 

41 

100 

poured over soil 

Soil mixed with fun- j 

66 

1 62 94 

i 

70 i 

j 

27 

38 

gus culture . 

75 

1 71 95 

50 

.36 

72 

Cheek . j 

96 

j 3 3 

77 

7 

9 


aKesults are based oh quadruplicate pots with a total of 300 seeds in each treatment. 


The mycelium of the fungus, either inside the seeds or surviving in the 
soil, serves as the primary source of infection. Cultures often have been 
obtained by ordinary isolation methods from seeds 1 to 2 years old. Under 
experimenfal conditions, potted soils that -were artificially inoculated with 
cultures from sterilized bean pods in late fall provided active inoculum 
tintil the following spring. This has been shown by the appearance of 
seedlings with typical lesions and the lowering of the percentage of 
germination of soybean seeds. 

Oonidia of the fungus are short-lived and very susceptible to drying. 
The following experiment is representative of several showing similar re¬ 
sults. Conidia were washed off the matrix of inoculated bean pods with 
distilled water, such as might occur during rain under natural conditions. 
After drying on clean glass slides, germination tests of the conidia were 
made at intervals of 6 hours. Before drying, 94 per cent of the spores 
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germinated under standardized conditions; after drying for 6 hours, only 
7 per cent germinated. No germination was observed after 12 hours. Even 
when the conidial masses were permitted to remain in the matrix from which 
they extruded, after being transferred to and dried on slides, they have 
failed to germinate after 24 hours. Germination after 6, 12, and 18 hours 
was 35, 5, and 2 per cent, respectively, in contrast to 96 per cent of germina¬ 
tion in the control series. 

The ascigerous stage of the fungus has not yet been found in this 
region.— ^Lee Ling, The Szeehuen Provincial Agricidtural Improvement 
Institute, Chengtu, China. 

A Leaf Spot of lialian Prune Perpefiiated in Budded Stock ,—^Most 
Italian-prune orchards observed by the writer in Idaho in the last few years 
have shown varying amounts of leaf spot and defoliation; reports from 
other sources indicate that this condition may have been present for many 
years. The trouble was especially severe in 1936. For the last 3 summers 
individual tn^s have been seriously affected, while mild leaf spotting has 
appeared on most of the trees observed. Attempted isolations and fungi¬ 
cidal treatments have failed to indicate that the spotting is caused by a 
parasitic fungus. 

The symptoms aiiparently do not appear until early summer. Circum¬ 
stantial evidence indicates that the spotting comes on rapidly, and the de¬ 
foliation occurs quickly if the spotting is severe. Of course, reduction in 
active leaf surface prevents normal photosyntliesis and frequently results in 



Fig. 1. A leaf spot of Italian prune, 
shoot resulting from bud from original tree. 


A, Leaf from original tree. B. Bcaf of 
C. Enlarged portion of leaf aimilar to A. 
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heavy fruit di*op or a yield of poor fruit. The spots on the leaves vary in sisse 
from very small (1-2 mm.) to large blotches and irregular dead areas 
(Pig. 1). Shot-holing may occur. An indistinct mottling often accom* 
panics severe leaf spot; in some years it may be the only symptom on 
certain trees. Some observations show that the leaf spot is more severe on 
trees near the barn lot, chicken runs, or driveways. Affected trees may show 
very little or extensive terminal growth. It may be of interest to record 
also that a similar case of serious leaf spot and defoliation has been observed 
by the writer in the Milton-Freewater district in Oregon. 

In August, 1938, bud wood was collected from a tree affected with leaf 
spot and from a healthy tree in an orchard in northern Idaho and, in 
September, bud wood from a tree severely affected with leaf spot in southern 
Idaho. Buds were set on liealthy J. H. Hale and Elberta trees at Moscow 
and observations made during the 1939 season. Shoots of the buds from 
the healthy prune tree showed no leaf spotting throughout the summer, 
while severe leaf spot and some chlorosis developed on all shoots from dis¬ 
eased buds. No s^’^mptoms appeared on the peach shoots accompanying the 
diseased prune branches. Unfortunately, no diseased buds were set on prune 
stock; therefore, there is yet on evidence that the disease factor is trans¬ 
missible. 

The results indicate that the leaf spot and defoliation symptoms, at¬ 
tended by other undesirable factors, in certain Italian-prune trees of Idaho 
represent either a virosis or a genetic abnormality. The writer believes, 
however, that environmental factors play an important, although unknown, 
role in the occurence of this serious trouble. 

Further budding work was begun in an attempt to infe(»t heathy prune 
trees with leaf-spot buds. Additional data may be available next year, but 
in the meanwhile the trouble is of sufficient interest to warrant this note.— 
Earle C. Blodgett, University of Idaho, Moscow, Idaho. 

A MinUiture Root-observation Box ?—For the direct observation of root 
development and root pathology in soil, glass-sided boxes, such as described 
by Dean,® frequently serve admirably. For detailed work with small plants, 
where frequent microscopic studies during short periods are required, how¬ 
ever, the writer has profitably substituted the much smaller box here 
described. 

This box consists of a U-shape wooden frame with its 3 inner faces 
grooved to hold 2 wide microscope slide glasses (2 by 3 in.) in parallel 
planes | in. apart. The frame is constructed from strips of sugar pine or 
similar lumber smoothed to J by in., with 2 longitudinal grooves 
spaced i in. apart on one face. These grooves are in. wide and it in. 
deep. Prom such strips 2 pieces are cut 3^ in. tall to form the sides of 
the frame. The bottom is a piece 2^ in. long, with a small hole for drain- 

1 Published with the approval of the director as Miscellaneous Paper No. 32 of the 
Pineapple Experiipent Station, University of Hawaii. 

sBean, A. L. Boot-observation boxes. Phytopath. 19 j 407-412. 1929. 
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age bored through the center. Before assembling, a ^ in. length at the 
bottom end of each side piece is cut away flush with the bottom of the 
grooves, forming recesses into which ends of the bottom piece fit. The frame 
is then assembled with glue and brass screws, with the grooves aligned to 
permit the glasses to be slid in and out. To permit removal of one glass with¬ 
out sliding, the flange beyond the groove to hold this glass may be cut 
away from the sides of the frame, but not from the bottom. One end of the 
glass may then be inserted into the bottom groove, the glass pressed into the 
recesses in the side pieces, and secured in place with small brads thrust into 
the wood as glass panes are held in a sash. The finished frames, water¬ 
proofed by dipping into a clear lacquer, are light and durable. 

Such boxes, with glasses in place, are filled with the desired soil or other 
medium (black sand**^ is particularly favorable for observations of nema¬ 
todes) and the plant or seed is set close to one glass. They are then held in 
a slanting position in appropriate boxes or frames that are constructed and 
disposed to protect roots from light and the soil from overheating while ex¬ 
posing top growth to liglit. Close attention to watering is naturally 
retpiired and tops of fast-growing plants may require pruning. 

For observation, a box is placed onto the microscope stage and illumin¬ 
ated diagonally from above with a beam of light cooled and focused by a 
spherical flask of water. For general use a dissecting binocular is advan¬ 
tageous, but, for camera-lucida drawings, photomicrographs, and critical 
observations, tlie lower magnifications of a compound microscope are 
employed. 

Such boxes proved distinctly superior to the Petri dishes employed in 
most of the writerstudy of attractiveness of roots for nematodes.^ Their 
use has also facilitated unpublished studies on the parasitism and develop¬ 
ment of other nematodes, and promises to be useful in varied studies of 
root pathology.—^M. B. Linford, Pineapple Experiment Station, Honolulu, 
Hawaii. 


BOOK REVIEWS 

Bawdxn, F. C. Plant Viruji&A and Vint^ Dineascs, 272 p., 37 fig. Price 7 guilders or 
about $4. Chronica Botauica Co., Leiden, and 0. E. Stcchert and Co., Now York, 
1939. 

This publication, prepared by the Virus Physiologist of the Hothamstead Experiment 
Station, deals primarily with the nature of plant viruses rather than with virus diseases* 
Considering the enormous advance that has been made in an understanding of the nature 
of plant viruses during the last six years and the fact that much of the work has been 
with chemical and physical technics with which most plant pathologists arc not too fa¬ 
miliar, this critical summary and interpretation should be welcomed. It is probable that 
there will be disagreement, on the part of those more familiar with the nature of the 
virus, with the author conclusions, if one may judge by his conclumo^ with respect to 
problems with which the plant pathologist is more famiUar, but this is ^ be expired. 

Chapter I is an introductory Burve.y of the virus problem. It includes a tentative 
definition of virus as an obligately parasitic pathogen with at least one dimensKm of 

less than 200 a history of virus diseases, and theories pertaining to them* in a 

discussion of nomenclature the author points out the obvious impossibility of adopting a 
^ Linford, M. B. Attractiveness of roots and excised shoot tissues to certain nema¬ 
todes. Helminthol. Soc. Wash* Proc. 0: 11-18. 1939. 
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system of nomenclature such as that proposed by James Johnson^ which is not based upon 
a classification of the viruses themselves. Chapters II and III are concerned with * * Symp* 
tomatology *' in which the variation in symptoms that may be produced by a single virus, 
depending upon the stage of the disease, the strain of the virus, the environment, and the 
genetics of the plant, are pointed out. The use of symptoms, such as local necrotic spotting, 
in quantitative studies, is discussed. In Chapter III are discussed X-bodies, crystalline 
plates, crystals, etc., axid the relation of virus to these bodies; and internal changes other 
than intracellular bodies. In Chapters IV is discussed * ^ Transmission and properties in 
expressed sap’^ including grafting, mechanical, insect, and seed transmission, and resis* 
tance to aging, etc., and effect of enzymes and chemicals. Chapter V is concerned with 
the ‘^Relationships between viruses and their insect vectors/' Chapter VI takes up 
“Virus strains, mutation, and acquired immunity." After discussing variations, differ¬ 
entiation of strjuns, and origin of strains, considerable attention is given to acquired im¬ 
munity, Without defining what is meant by immunity, the author proceeds to discuss two 
typos. The first, in which a plant in the chronic stage of a disease (a so-called recovered 
ring-spot tobacco plant) fails to repeat the earlier phases of the disease when reinoculated 
with the same virus into already invaded tissue; the second, that in wliich a plant in the 
chronic stage of the disease (for example, tobacco mosaic) fails to develop a second 
similar disease when inoculated with a slightly different strain of the sjime virus into 
solidly invaded or diseased tissue. The first is evidently based on a misconception of the 
riiig'Spot disease as the author considers only ring and line patterns as symptoms, dis¬ 
regarding leaf*edge chlorosis and necrosis, general chlorosis of yellow ring-spot plants, 
and pollen sterility, (all symptoms which follow so-called recovery) as symptoms of the 
chronic stage. The second typo of “acquired immunity" appears to be identical with 
the first, except that the term is applied to plants in which the chronic symptoms are more 
obvious and the virus from which the plant is immune is another strain of the one already 
present. Obviously, a plant that already has a disease in a virulent form and will con¬ 
tinue U) have it as it grows cannot be immune from the virus causing the disease; and 
it is well known that the plant will not be immune from other strains of the same virus 
if unoccupied tissue can be located in which the second virus can multiply. The phe¬ 
nomenon has uses in the grouping of viruses and is of some possible vaitio m protecting 
plants against more injurious strains of the same virus; but there appear to be no sound 
grounds for concluding that the plants “have developed an immunity to the disease." It 
would appear for the present that competition is a sufficient explanation for the phe¬ 
nomenon and that the term protection could well replace immunity. 

Chafjter VII considers in detail “Serological reactions of plant viruses." The dis¬ 
cussion of “Specificity of serological reactions" is of interest in relation to classification 
of viruses. If antisera are group-specific, then such supposedly unrelated viruses as 
tobacco-mosaic viruses and cucumber viruses 3 and 4 which, in common with tobacco- 
mosaic virus, withstand long periods of drying, must be grouped together, a situation 
that could not be considered under Johnson's proposed system. TJic discussion of serum 
absorption experiments would lead one to the conclusion that viruses, not serologicallly 
related if tested with their respective antisera, might be proved to be serologically related 
if tested with a third antiserum. That is if one virus contained antigens a and b and 
another e and d they would appear to be unrelated, but if a third virus contained antigens 
b and c it would bo related to both groups and consequently all three must be considered 
related. We might conclude from this that only positive serological reactions can be 
considered in classification of viruses. 

Cliapter VIII is a discussion of “Purification of viruses" by chemical means and by 
high-speed centrifugation. The details of juirification methods used with 4 distinct plant 
viruses are given and the products of purification described. Chapter IX considers the 
“Properties of purified virus preparations'*' from the chemical and physical standpoint 
and Chapter X deals with the ‘ ‘ Optical properties of purified virus preparations.'' The 
author attempts to keep these discussions on a plane that can be understood by the person 
not well trained in the technics now being used in the study of viruses. Chapter XI is 
entitled “The sizes of viruses." Measurement of sedimentation velocities and viscosity 
and the structure of the virus particles are discussed. In Chapter XII the “(Correlation 
of virus activity with the isolated nucleoproteins'' is considered in an attempt to give the 
evidence for and against the virus being identical with nuclcoprotein. Chapter XIII is 
concerned with the ‘ ‘ Physiology of virus diseased plants.'' Host metabolism and virus 
movement are considered. In (Chapter XIV, “(Classification and control," the author dis¬ 
cusses the necessity of a knowledge of the virus, its host relations and insect vectors if 
sound control meaeures are to be arrived at. Again, a plea is made for a lasting classi¬ 
fication and nomenclature of viruses based on the virus itself. General control measures 
discussed are curative, immune varieties, tolerant varieties, extremely susceptible varieties, 
protectiojti by noninjurious strains of virus and others. The author is apparently unfa¬ 
miliar with the that has been made in the control of tobacco mosaic by ejimi- 
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natiiijSf tho use of barii-curcd tobacco by workmen, but considers that the first infections 
arc ^‘chicfiy from virus present in commercial tobacco or in the soil/' sources which have 
not yet been proved to be of importance. 

In the final chapter the origin and multiplication of viruses is discussed. The ques¬ 
tion as to whether viruses are to be oonsiderod living or lifeless molecules cannot, in the 
author's opinion, be answered until tho word life can be accurately defined but this may 
well come from further studies of viruses. How viruses multiply and how they have 
arisen are questions that cannot at present be answered. 

The j)lant pathologist who has not been able to follow the voluminous literature on the 
nature of virus will find this book a very welcome addition to his library, as it gives a 
clear, concise discussion of most of the literature by one who has been actively engaged in 
studying the chemistry and i>hysics of the virus.—^W, D. Valleau. 

Ashby, Helen, Eric Abhby, Harold Richter and Johannes Barnes. German-Bnglish 

Botanical Terminology, 195 p., 10/—Net in Great Britain—Thomas Murby & Co., 

London; Max Weg, Leipzig; Nordemann Publishing Co., Inc., New York, $3.00. 

The volume on German-English Botanical Terminology is tho third of Murby's 
German-English terminologies. It presents an introduction to German and English terms 
used in botany, including plant physiology, ecology, genetics, and plant ijathology. A 
brief survey of botanical science is given in English and German. The mamier of presen¬ 
tation consists of short and concise drafts on each subject matter in English on one page 
and a translation of the same in German on the opposite page. This method makes it very 
useful for tho student. Wherever possible, the German text is primarily a literal trans¬ 
lation of the English. In instances where this is not possible, since the same ideas are 
often expressed differently in German and English, the idiomatic translations are givpn, 
A thorough study of the book will acquaint the student with the technical terms used by 
Gorman- and English-speaking botanists. 

Three appendices are included. Appendix T gives the English, Latin, and German 
names of common, wild and cultivated plants, especially of those growing in Europe. 
Appendix II jiroseiits a list of the most important common names of plant diseases. The 
name, host, and cause are listed in both English and German. In appendix Ilia are given 
the abbreviations frequently used in German botanical literature along with the English 
translation. Appendix Tllb gives the abbreviations frequently used in English botanical 
literature with the German translation. 

The method of presentation of the subject matter is excellent. Since the authors of 
the work are well-qualified botanists, the volume should find a good reception by students 
in both English- and German-speakuig countries.— Otto A. Reinking, N. Y. State Agr. 
Exp. Station, Geneva, N. Y. 



EBPOBT OF THE THIETY-PIRST ANNUAL MEETING OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 

THE 1939 COLUMBUS MEETING 

The thirty-first annual meeting of The American Phytopathological Society, held in 
Columbus, Ohio (December 27 to 30, 3939), was one of the most successful and best at¬ 
tended meetings the Society has held. Approximately 325 members were in attendance. 
Sixty-two new members were elected at Columbus, bringing the active membership roll to 
1082, a new high record for membership in the Society. 

Nearly 300 attended the Phytopathologists ’ Dinner at the Neil House, and enjoyed the 
program arranged by President Orton and his capable coworkers from the Department of 
Plant Pathology of West Virginia University. 

Special conferences were held on plant disease survey, disease resistance in plants, 
eradicant fungicides, recent studies on fire blight of apples and pears, and laboratory test¬ 
ing of fungicides. The value of cooperation among different branches of plant science 
was brought out in joint sessions with the American Society of Economic Entomologists, 
Section G, A. A, A. S., and affiliated Botanical Societies, the Potato Association or 
America, the Mycological Society, the Association of American Foresters, and the 
Physiological Section of the Botanical Soemty of America and the American Society of 
Plant Physiologists. 

The summer meeting will be held in Seattle, Washington, June 17--22, 1940, 

OFFICERS, BEFRESENTATIVE8, AND COMMTI’TEES FOB 1940 

Officers: 

Charles Chupp, President (1 yr.), Cornell University, Ithaca, New York. 

J. Q. Leach, Vice-President (1 yr.), West Virginia University, Morgantown, West 
Virginia. 

R. S. Kirby, Secretary (3 yrs. term expires 1940), Pennsylvania State College, State 
College, Pennsylvania. 

H. A. Epson, Treasurer of the Society and Business Manager of PHYTOPATHOL¬ 
OGY (3 vrs. term expires 1940), IT. 8. Department of Agricullnre, Washington, 
D. C. 

H. B. IlrMPHEEY, Editor in Chief of PHYTOPATHOLOGY (3 yrs. term expires 
1940), U. S. Department of Agriculture, Washington, 1>. C. 

Councilors: 

H. W. Anderson (term expires 1940), University of Illinois, ITrbana, Illinois. 

J, B. Kendrick (term expires 1942), University of California, Davis, California. 

C. R. Orton (term expires 1940), West Virginia University, Morgantown, W’^. Va. 
Eubanks Carsneb (2 yrs. for the Pacific Div.), P. O. Box 31, Riverside, (^alif. 

Geo. M. Armstrong, (2 vrs. for the Southern Div.), Clemson Agric. College, Clemson, 
S. C. 

Eepresentatives; 

A. A. A, S, Council (1 yr.), L, M. Massey, C. R. Orton. 

Elector Group V, Division of Biology and Agriculture, National EescarrJi Council 
(terms expire June 30, 1940), E. C. Stakman (H. P. Barss, alternate). 

Tropical Eesearch Foundation (5 yrs. term expires 1940), L. B. Jones. 

International Union of Biological Sciences, A. G. Newhall. 

Board of Editors, American Journal of Botany (3 yrs. term expires 1940), G. W. Keitt. 
Union of American Biological Societies {and Biological Abstracts)^ H. H. Humphrey 
and R. S. Kirby (ex officio) H. P. Barss, C. W. Bennett, 11. A. Edson, G. W. 
Keitt. 

Standing Conunittees: 

Advisory on Society Activities and Programs. W. J. Zaumeyer, Chm., P. L. Drayton, 
A, A. Dui^ap, J. A. Pinckard, R. K. Voorhees, J. 0. Walker, C. E. Yarwood. 
Coordination in Cereal and Vegetable Seed Treatment Eesearch. M. B. Moore, Chm,, 
W, E. Br<?ntzel, H. T. Cook, P. J. Oreaney, H. A. Rodenhiser. 

Donations and Legacies, E. C. Stakman, Chm,, J. G. Brown, N. J. Giddings, N. E. 
Stevens, R. P. White. 

Extension WorTc and Eelaiions. Luther Shaw, Chm., C. C. Allison, R, J, Haskell, 0. 

W. Keitt, R. n. Porter, O. A. Reinking, R. C. Rose, D. R, Sands, W. B. Tisdale. 
Investments, H. A. Edson, Chm., Charles Brooks, Marvin E. Fowler, J. W. Roberts. 
Necrology. A. G. Johnson, Chm., M. B. Waite. 
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NewMemberHUps and Subioriptian^. E. P. Poole, Chm., J. 0. Carter, Kenneth 
Kodow, B. 8. Kirby (ex officio), L. D. Leach, E. M. Lindgren. 

Nomenclature and CUmifleation of Plant Viruses. James Johnson, Chm., C W Ben¬ 
nett, Eubanhs Carsner, P. O. Holmes, H. H. McKinney, H. H. Thornbcwy. Free¬ 
man Weiss. ’ 

Phylopathologioal Classics, H. H. Whetzcl, Manager, H. B. Humphrey, Editor. 

Publicity and Public delations. C. T. Gregory, Chm., O. C. Boyd, J. H. Jensen, Prank 
McWhorter, A. G. Newhall, J. A. Pinckard, G. H. Starr, A. J. TJllstrup, G. P. 
Weber, P. A. Toung. 

Standardisation of Fungicidal Tests. S. E. A. McGalian, Chm., E. H. Haines, J, G, 
HorsfaU, K. J. Kadow, J. W. Eoberts, C. E. Yarwood, H. C. Young. 

TKMPORAEY COMMITTEES 

Auditing, E. E. Clayton, Koss W. Davidson. 

Elections, Max Gardner, Chairman, C. E. Yarwood, P. A. Ark. 

Mesoluiions, G, W. Keitt, Max Gardner, G. H. Coons. 

REPORTS OF OFFICERS, REPRESENTATIVES, AND COMMITTEES FOR 1939 

Report of the Secretary. The Society year 1939 opened with 1077 members and 
closed with 1082, a gain of 5 members. At the Columbus meeting 62 new members were 
elected. Fourteen former members w^ere restored to the active roll during the year. The 
Society lost 71 members, 17 by resignation, 5 by death, and 49 by suspension for non¬ 
payment of dues. Of the full membership, 151 are paid-up life members and 8 are paying 
$10.00 per year toward life membership. 

The Society clearing agency was established to facilitate contact between employ¬ 
able plant pathologists and phytopathological openings from individuals or institutions. 
Applications were receiv(‘d from 33 plant pathologists desiring positions and from 11 
prospective employers. Fifty-seven individual applieiitions were sent to prospective em¬ 
ployers. Four i>l;mt pathologists reported as having obtained positions through contacts 
started by the agency. 

•R. S. Kirby 


Report of the Treasurer. 8tateineiit of accounts for the year ending November 
30, 1939, 

Meed pis: 

Balance for 1938 ... $4296.22 


Annual dues: 

1938 

$ 31.90 


1939 

2859.08 ($134.22 life) 


1940 

1919.00 ( 70.00 life) 


1941 

1.00 

$4810.98 

Voluntary dues . . 


.5.00 

Interest on savings account 


88.08 

Items for other accounts included in 
checks for dues: 

Sales 

2.00 


Subscription 

6.50 


Classics . 

1.25 


Dues, Mycological Society 

5.00 . . 

14.75 

To replace cheifks returned by bank 


9.07 


Total receipts . . . . . 4927.88 


Expenditures: 

Member subscriptions transferred to PHYTOPA¬ 
THOLOGY: 

1938 . . 

. 

Transferred to Sinking Fund (Building and Loan) 
Transferred to PHYTOPATHOLOGY for publica¬ 
tion of Society material . . , .... 

Secretarial work for Secretary and Treasurer .. . • 

Kxponses of office of Secretary . . 

Expenses of Membership Committee. 

Preprints of abstracts* . 

Printing ... 


$1703.30 

1000.00 


$9224.10 


$2703.30 

104.58 

369.33 

423.76 

59.98 

12.83 

37.07 

204.4d 
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Stamps and stamped envelopes. 48.72 

Contribution to Biologists * Smoker. . .. 10.00 

Translferred to PHYTOPATHOLOGY for: 

Sales. 2.00 

Subscription . . 6.50 8.50 

Transferred to Lyman Memorial Pund for voluntary 

dues accrued to date . 37.50 

Transferred to Mycological Society for dues. 5.00 

Transferred to Classics ... . 1.25 

Collection charges on checks ... . 2.00 

Checks returned by bank. .... . 10.00 

Total expenditures ... $4038.21 

Balance on hand . .... ... ... 5185.89 


$9224.10 

Sinking Fund. The Sinking Pund, the income from which is used for the support 
of PHYTOPATHOLOGY, is obtained by deducting $5.00 from each $10.00 life-member- 
ship installment. This fund totaled $9466.42 at the close of 1938. During the year end¬ 
ing November 30, 1939, it increased to $9571.00 and is invested as follows: 

Pirst mortgage notes deposited with the McLachlcn Banking Corporation 


for collection ($1000.00 at 6%, $500.00 at 5%) . $1500.00 

Invested with following building and loan associations: 

Arlington & Fairfax Bldg, and Loan, 5% 1000.00 

Columbia Permanent Bldg. Ass’n, 4% 510.00 

District Bldg, and Loan Ass^n, 4% 1530.00 

National Permanent Bldg. Ass^n, 4^% 1000.00 

Northwestern Savings and Loan Ass’n, 4% 2000.00 

Perpetual Bldg. Ass ^n, 4% 1020.00 

Prudential Bldg. Ass ^n, 4% (interest 17,22) . 1088.22 

$9648.22 

Less interest due PHYTOPATHOLOGY . 77.22 


$9571.00 

The Lyman Memorial Fund, obtained from voluntary contributions, totaled 
$2809.31 on November 30, 1938. During the period of slightly over a year ending Decem¬ 
ber 9, 1939, this fund increased to $3003.00, all of which is invest'd with the Brookland 
Building and Loan Association at 4%. Of the total amount $57.56 is interest, available 
for PHYTOPATHOLOGY. 

H, A. Edson 

Eeport of the Business Manager of Phytopathology. At the close of the year 
1938 there were 638 nonmember subscriptions to PHYTOPATHOLOGY, including 5 com¬ 
plimentary. In 1939 there were 39 cancellations and 37 suspensions for nonpayment of 
dues, a loss of 76. But, with 89 new paid subscriptions, there is a net gain of 13, increas¬ 
ing the list at the close of 1939 to 651. Although PHY^TOPATHOLOGY has a mailing 
list small in comparison with that of other xmblications, there is a definite effect upon it 
as a result of present world conditions, as follows: subscriptions to Czechoslovakia have 
dropped from 4 to Ij to China, from 23 in 1937 to 9 this year; to Japan, from 71 to 61; 
to Spain, from 11 in 1936 to none this year. We have already received notice of 9 can¬ 
cellations to be effective for German subscriptions for 1940, more than one third of their 
total this year. Were it not for Soviet Russia, with a gain of 22, our list would show net 
decrease. The Soviet now receives 89 copies of our journal each month, compared with 
188 for the United States and possessions. ^ 

Statement of accounts for the year ending November 27, 1939. 

Receipts: 

Balance from 1938 .. $3510.16 

Subscriptions: 

1988 . $ 116.34 

1939 . 3303.89 

1940 . 118.10 

1941 . 11.35 $3549.68 
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Member subscriptions: 

1938 . 1703.30 

1939 . 1000.00 2703.30 

Sales of back numbers . 479.39 

Advertising: 

1938 174.41 

3939 724.68 899.09 

Interest on Sinking Fund: 

First-mortgage notes . 176.57 

Building and Loan . 169.03 345.60 

Interest on Ljman Memorial Fund ... 65.40 

Interest on savings account. 70.84 

Grant from Rockefeller Institute 600,00 

From American Phytopathological Society for pub¬ 
lication of Society material 369.33 

Allowance for reprints by printer ... ... 577.16 

Payment by authors for excess illustrations 70.99 

Reimbursement by printer 1.70 

First-mortgage note paid in full .. . 1000.00 


Total receipts . 10722.48 


Expenditures: 

I^rinting, di.stributing and storing PHYTOPATHOLOGY; 


Vol. XXVIII, 

No. 

12 and Index 

$ 867.45 


Vol. XXIX, 

No. 

1. 

816.90 



No. 

2 .. 

918.98 



No. 

3 

569.87 



No. 

4 

650.23 



No. 

5 

563.68 



No. 

6 

713.91 



No. 

7 . 

773.09 



No. 

8 

811.19 



No, 

9 . 

587.63 



No. 

10 

658.83 



No. 

11 

675.77 

$8607.53 

Postage 




667.74 

Storage 




48*00 


Secretarial work and office expenses, Editor in Cliief . 372.82 

Secretarial ^vork, Business Manager . . . 222.00 

Secretarial work and office expenses, Advertising Manager 325.34 

Commission, Advertising Manager, 3938 99.58 

Stamps and stamped envelopes 67.19 

Supplie.s .. . 12.26 

Printing 12.34 

Reimbursement Editor in Chief for resetting type of article . 21.52 

Refund subscription and agoutis discount 8.46 

Jteinvestment of principal 1000.00 


14232.64 


Total expenditures 
Balance on hand .. 


$11264.77 

2967.87 


14232.64 
H. A. Edson 


lEteport of Auditing Committoe for the year ending November 30» 1939. The ac¬ 
counts of the Q^easurer of the Society and the Business Manager of PHYTOPATHOLOGY 
are in excellent condition. We have checked statements of receipts, expenditures, bank bal¬ 
ances, tuid certificates of investment, and find these correct in every detail. 

Heeember 20, 1939 

E. E. Clatton 
Ross W, Davidson 


Report of the Advertising Idanager. Contracts for advertisements during 1939 
totalled $990.61, somewhat above the average for the past 8 years. The total numl^r 
of revenue-producing advertisements was 123, occupying just under 60 pages ox the 
journal and consisting of 31 full-page, 54 half-page, 47 quarter-page insertions, and one 
of one-eighth page. 
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There were also 45 nourevenue-produeing advertisewients, occupying 38J pages. 
Those were made up of notices regarding Phytopathological Classics and the Society's 
clearing agency for employment of plant pathologists, the Directory of Advertisers, and 
a few complimentary and exchange adverUsements. 

During 1939, 17 commercial firms and one member of tile Society used PHYTO¬ 
PATHOLOGY as an advertising medium. 

The present Advertising Manager wishes to acknowledge the help and cooperation 
received from Dr, Kirby in turning over the work and in securing the major part of the 
contracts for the year just past. 

Aqnes H. Meier 

Eeport of the Editor in Chief. The 29th volume of PHYTOPATHOIrOGY, exclu¬ 
sive of the index, comprises 1077 pages of printed matter, including illustrations, and 
is classified as follows: One hundred seven articles, 55 notes, 4 reports of meetings, 8 
book reviews, 374 abstracts (4 by title only), 247 text figures, 3 plates and 1 frontispiece. 
From Jan. 1 to Dec. 18, 3939, a total of 194 manuscripts of articles, notes, reports of 
Society meetings, and book reviews wore submitted for publication in our Journal. 
Three of these manuscripts were withdrawn and three were rejected. Articles now in 
press numl^er 25: to this should be added 122 abstracts. Additional manuscripts on 
hand at the time of preparation of this report numbered 47, or a total of 537 typewritten 
pages. 

Your editor and his associates are pleased to report a continued improvement in 
the quality and general excellence of the manuscripts that have been and are now being 
submitted for publication in our Journal. 

Those who experience delay in realizing publication could save themselves no little 
annoyance and disappointment if, before submitting their manuscripts, they would de¬ 
vote more and yet more attention to ordinary grammar and to concise, clear presentation 
of fact and interpretation. Those who contribute ]>apers marred by such sentence con¬ 
struction as the following must not complain of delayed acceptance and publication: 

Numerous measurements indicate that except in exposure to sun when garlic 
leaf temperatures are usually higher than sliaded or unshaded air temperatures 
(though leaves in shade are at a lower temperature than shaded air) ami during 
rain, when leaf temperatures are about equal or slightly higher than air tem¬ 
peratures, garlic leaf temperatures are lower than the temperature of the sur¬ 
rounding air. 

Continued care and attention need to be given to the matter of selecting only the 
best and most necessary illustrations. Nothing whatever is gained by publishing illus¬ 
trations that do not portray whatever of symptom, structure, or detail they are said in 
text or legend to show. Those contributing manuscripts containing tables should not 
leave to the editor the responsibility of composing suitable table headings. It some¬ 
times happens tliat manuscripts carry tables wholly lacking in headings or any hint in 
the text as to the intent or purpose of the data presented. Your manuscript is supposed 
to present the final and finished distillate of your problem. Make sure that it is such 
before submitting it for publkuition. Otherwise cultivate the sjurit of forbearance. 

Acknowledgment is here made to Dr, F. V, Hand for his valued assistance in prepar¬ 
ing the index of Volume 29 of our Journal and to the Science Press Printing Co. for its 
excellent service as printer and publisher of PHYTOPATIIOLOGy. 

II. B. Humphrey 

lEteport of the Manager of Phytopathological Classics for the year 1939. I be^ to 

submit herewith the annual report of my stewardsliij) as Manager of Phytopathological 
Classics: 

Beport for the fiscal year beginning December 15, 1938, and ending December 1, 1939. 
Classics No. 1: On hand 12-15-38 . 139 



Sold during year . 

On hand 12- 1-39 . 

. 48 

91 

Classics No. 

2: On hand 12-15-38 . 

. 343 



Sold during year ... 

On hand 12- 1-39 . 

. 50 

293 

Classics No. 

3; On hand 12-15-38 . 

.. 443 



Sold during year .. 

On hand 12- 1-39 .... 

. 62 

» 

391 
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Classics No. 4: On liand 12-15-38 . 

Sold during year . 

. 508 

54 


On liand 12- 1-39 . 


454 

Classics No. 5: On hand 12-15-38 . 

Sold during year , . , 

. 773 

79 


On hand 12- 1-39 


694 

Classics No. 6: Beceived 2-10-39 

Sold. 

Given 

1070 

224 

8 232 


On hand IS - 1-39 , , 


838 

Cash balance on hand 12-15-38 , , , 

Receipts during the year . , 

. . $276.50 
361.28 


Total 


$037.78 

Expenditures: 

l*ost.‘ige, express, etc, . 

Advertising (postal cards) . .. 

Bank charges 

Classic No, 0: Printing 

I'hotographs 

$ 18.08 
16.55 
. .. .75 

,366.41 
10.50 


Total expenditures 


412.29 

Balance on hand December 3, 1939 ... 

l>ue on accounts 

$225.49 

. $ 30.25 

n. H. Whetzel 

Report of the Committee on Necrology. During the 
occurred five deaths of members as follows: 

Ivan C. .Iagoeh, February 16; 

L. M. Hill, May C; 

R. E. Simone, J une 4; 

E. .1, Petky, October 8; and 
K.vktooro.Nakata, November 14. 

calendar 3 ^ear 1939 there 

A. G. JoimsoN 

M. B. Waite 


Following the reading of tlie necrology report, the members present stood for a 
moment in silence in honor of their departed colleagues. 


Report of the Committee on Biological Abstracts and the XTnion of American 
Biological Societies. Your Committee is glad to report that during 1939 Biological 
Abstracts not only demonstrated that it could be maintained successfully, on the new 
basis put into effect in 1939, without institutional subsidy or endowment, but that it was 
able to provide an improved and expanded ser\dce^ thanks to the cooperation of biological 
societies and of biologists. Tbe plan of publishing Biological Abstracts in sections, as 
well as in the complete form, was appreciated and taken advantage of by many workers. 
Section I>, Smvnvrs, covered plant pathology, plant physiology, ecology (with 

biometerology), plant anatomy, systematic botany, agronomy, horticulture, forestry, 
pharmaceutic botany, pliurmncognosy, paleobotany, at per year, including the complete 
annual indexes. 

The price is not to be raised in 1940, but if 30 per cent of the members of any 
biological society reprei&onted in the Union, including our Society, subscribe to Biological 
Abstracts or to any of its sections, a reduction of $1 will be made to each subscriber in 
such society, according to the plan adopted by the Trustees for the year 1940. 

Among the gratitVing achievements of 3939 is the doubling of the number of research 
journals covered systemarically. In October, 3939, these numbered 1113 and no important 
biological journal was missed. The contributions of State and Federal research w^or!ito*s 
in plant and animal science were well covered through Government cooporatiom The 
18,108 abstracts published made almost an 31 per cent incr^se over 19.^. jbffectn^ 
ffnaneial and edit^irlAl assistance by the Society of BactenoJogists resulted in 

almost 30 j>er cent expansion in Bection 0 (Microbiology, etc.). Interested groups made 




358 


PHTTrOPATHOLOGY 


[You 30 


possible better service in the flel^ of bioineteorology or bioclimatics, included in the Plant 
Science Section D, The central staff was increased from 10 to 11 with. 5 temporary and 1 
volunteer asi»stant. The number of section editors, able scientists from all bio¬ 
logical fields who serve without pay, rose from 141 to 149. The number of coiues sent out 
rose from 1,931 in 1939 to 2,812 in tlecember 1939. Of the latter 1,375 were sections. 

Subscriptions dui'ing this first year under the now plan brought in almost as much as 
the total subscription income received the year before under institutional subsidy. A 
balance on hand from the previous year, and other income, including sale of back volumes, 
society grants, and individual contributions, were sufficient to meet all 1939 expenses and 
leave something still in reserve. Rigid economy and efficiency in operation and the 
devotion of the staff contributed to make this possible. The hope is that the service may 
be operated permanently on the basis of income from subscriptions. The prices are set 
as low as possible to give as many as possible a chance to subscribe, being lower than for 
any similar service in its field. It is hoped that cancellations of foreign subscriptions, 
attributable to the war will be offset by increased domestic subscript ions. 

Abstracts in 1939 appeared with gratifying promptness. Por example, 82 per cent 
of the October abstracts were from 1939 publications. Three years before only 24 per 
cent in the corresponding number were from the current year. In 1939 the Annual 
Indexes, of a type considered unsurpassed for reference usefulness, appeared within 7 
months, the shortest period on record. All previous indexes wore comjdeted and are 
available. 

It is the hope that meml)ers of the Society and advanced students in the field will 
make increasing use of Biological Abstracts. Further developments of the service will 
depend on income made possible through additional subscriptions. 

The other nmjor activity of the Union centered about the newly launched National 
Association of Biologj' Teachers started under its aus])iccs. Dr. Oscar Riddle, its sponsor, 
reported a membership approximating 2,200 at the end of 1939, and a well-established 
journal, The American Biology Teacher, appearing monthly. 

Howard P. Barss, (IHiairniaii 

Report of Committee on Regulatory Work and Foreign Plant Diseases. Rc^cogniz- 
ing that all regulatory work seeking to prevent the artificial distribution of plant pests, 
should be based on sound, scientific, factual information, and feeling that such information 
is not always available, particularly in respect to regulation of foreign conuiierce, this 
committee has sought the advice and cooperation of the Division of Foreign Agrictiltural 
Service, United States Department of Agriculture. 

Your President, C. R. Orton, and your Chairman, intenlowed L. A. Wheeler, (3ii(‘f 
of the Service, and received a sympathetic audience. We solicited Mr. Wheeler ^s coopera¬ 
tion in the collection, organization, and dissemination of Information on foreign }>lant 
diseases. The collection of such information pertaining to causal agencies, methods of 
dissemination, and economic importance would be accomplished througlt the regular chan¬ 
nels of the consular service; orgiuiizatiou through the Division of Foreign Agricultural 
Service, and the dissemination in the United States to interested individuals through the 
Bureau of Plant Quarantine and Control, Plant Disease Survey^ or other regular agency. 

It is realized that it will take time to effectuate the objeenves sought. Our present 
consular service and agricultural attachf*8 are primarily interested in production records 
of major crops, and other purely economic matters affecting world supplies of nmjor 
agricultural commodities. 

Later conferences indicated that the Division of Foreign Agricultural Service has 
taken the first step toward educating consular officials to the need and value of information 
we have requested. The Bureau of Entomology and Plant Quarantint' has delivered a 
series of lectures on the need for such information before a group of new consular appoin¬ 
tees. Jt is hoped that information on phases of foreign plant disetises, essential to eft’wtive 
regulation of foreign commerce for the protection of American agriculture, horticulture, 
and forestry, will be forthcoming through the consular service in increasing annual incre¬ 
ments, as the agricultural attach7»8 become increasingly educated to the need. 

Amendments to the Plant Quarantine Act of 1912 were proposed to Congi*ess during 
the first session of the 76th Congress. A section of these proposed amendments proposed 
regulation of the promiscuous and unrestricted importation and interstate movement of 
plant pathogens, as such, in accordance with a resolution adopted by tliis Association at its 
Bt. Louis meeting in December, 1935. This legislation, II.R.4036 and S.1364 is still in 
eommittee in both houses of Congress. 

Exempted from the provisions of the bill arc * * field, vegetable, and flower seeds. * ^ It 
is well knpwtt that plant pests are carried on seed of this character. The reasons for 
exemption are apparently (^1) lack of infomation, (2) difficulties involved in port-of-enti^ 
inspection for seed-borne pathogens, although in the 1938 list of intercepted plant pests, 
interceptions of a number of seed-borne fungi are reported. Until more complete inf or- 
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mation is available on world-wide geographic distribution of pathogens capable of seed 
distribution, and improved techniques are developed for inspecting seed importations, this 
coimtry will continue to be open to invasion by foreign pathogens brought in on agricul¬ 
tural and horticultural seeds. The importance of this phase of regulatory work can be 
appreciated when it is realized that the United States imjmrted in 1938 almost 21 thousand 
tons of grass and forage crop seed, and almost 13 thousand tons of garden and field seed. 
In the opinion of your committee the regulation of seed imports on a sound biological basis 
is a vital problem that we cannot afford to disregard. The subcommittee on seed-borne 
parasites will report pre^gress in this matter. 

Various members of the committee and others have iiiforimdly discussed the possibility 
of international agreements pertaining to exports and imports of ifiant material, said 
agreements basically calling for restriction of export licenses to those exporters qualified 
for export from a pest-freedom standimint. The importing country would reserve the 
right to suspend blanket permission for exports from the licensed exporters of any country 
if port-of-entpr inspection revealed laxity on the part of the country of origin. 

An examination of port-of-entry interceptions would indicate almost complete cessa¬ 
tion of international trade in plants and jdant products ca])abh^ of propagation, if the 
importing country avaih‘d itself of the above reservation. Reciprocal arrangements 
between neighboring countries, or between groui>s of countries of similar interests and 
geographical situation, us proposed by H. T. Giissow, w^ould be a gradual approach to the 
above system, and one offering m(>re immediate prospect of attainment. 

Bei'ause of the geographic distribution of the members of this committee, no meetings 
have been held. Correspondence among members has been at a minimum. This situation 
is not conducive to ]>rogres8. It is respectfully suggested that the committee be revamped 
with a materially reduced personnel, in an effort to attain a functional committee organi¬ 
zation. 

It is further recommended that the committee be instructed to investigate the foreign 
pest records of the major speci(*s of ]jlant8 or seeds imported annually, and report at our 
next annual meeting. 

Rc'spectfully submitted, 

Rtc iiard P. WniTK, (Chairman, H. T. GOhsow, J. S. Bovoe, W. A. MrCrimiN, 
it. I). Rands, J. V. Adams, L. Chambers, and M. T. Munn 

Report of Extension Work and Relations Committee. The Extension Work and 
Relations (\>mmittee sponsored two activities in 1939: The first was an evening confer¬ 
ence on tobacco diseases, held in Grecmville, Tennessee, August 9, the occasion being the 
annual meeting of the Tobacco Disease Council. This meeting was attended by exten- 
hioji plant pathologists from Virginia, Georgia, North CaroUna, Ohio, and the United 
States l)ei)artmeut of Agriculture. Mc».st of the discussion was centered around control 
treatments for tobacco domiy mildew. 

The second activity was a conference on the subject: ‘M^ecent Studies on Fire Blight 
of Apjdes and Pears,’’ which was held on the afternoon of December 28, at the Columbus 
Meeting. Tlie diseussioii was centered around the epidemiology and control of fire blight. 
Tlie principal speakers on the program were O. W. Keitt and K. M. Hildebrand. A 
detailed report of this cmifereuce will a}»pear in the Extension Plant Pathologist in the. 
near future. The attendance at this conference was about 75. 

I AETHER 8haw, (’hairraau, CfiAs. Cuxjpp, R. J. Haskell, A. L. Pierstorpp, 

R. M. Kirhy, E. C. Btakman, O. W. Keitt, W. B. Tisdale, I. L. Conners 

Report of the Committee on Coordination in Cereal and Vegetable Seed Treat¬ 
ment Research, 1939. Experiments were made to determine the tffectiveness of certain 
fungicides in controlling simits and seedling disetises of wdioat, oats, and barley, and to 
determine the value of some of these fungicides in increasing yickis of these crops. These 
experiments were carried on at 10 stations in the northern United States, and 3 stations 
in Canada. Seed lots >vere selected, treated, and packaged «at University Farm, St. Paul, 
Minnesota, and sent to the cooperating stations. At the present time, complete and 
excellently prepared reports have bemi received from (1 of these stations. 

The experiments w^re divided into 2 separate groups, lCm disease-control tests, and 
yield tests. In the disease-control tests, si'ed of artificially smutted, susceptible varieties 
of wheat and oats and of naturally stripe-infected barley was treated with 5 or 7 different 
fungieides and was planted in fi- or 8-foot roxvs replicated 3 times. Notes nere taken on 
the development of disease and on seedling stand. 

In the yield testa, fewer fimgicidPs w^ere used on commercial varieties of wheat, oats, 
and luirley. The seed was nob artificially inoculated but was moderately infected with 
common seed-inhabiting fungi. Only yield notes were taken on these tests, which were 
planted in rod rows replicated either 5 or 10 times. Notes on various ecological factors 
were recorded for both sets of experiments. 
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Exporimental results have not yet been analyzed statistically, but the data indicate 
tlmt New Improved Oeresan and DuBay 1155-lW are the most effective cliemicals for the 
control of smuts and Inirley stripe. Leytosan is less effective for the control of barley 
stripe and is not at all satisfactory for the control of oat smuts. Formaldehyde dusts, 
which are generally less effective against oats smuts than New Improved Ceresan, under 
certain conditions, may be more effective. For example, at Wyoming, where 64 per cent 
of smut developed in the check, there was only 12 per cent smut in the formaldt^hyde-dust 
treatments as compared with 23 per cent in the New Improved Ceresan treatment. 

Summaries of all of the data will be sent to each of the collaborators ns soon as all of 
the reports have come in and have been analyzed statistically. No conclusions can be 
drawn from the yield tests without the aid of statistical analyses. 

J. G. Horsfall has prepared a summary of ** State Recommendations on Vegetable and 
Flower Seed Treatment, ^ ^ which he has offered to mimeograph ajid distribute to the 
various States. From this report it is evident that a wide disparity exists between the 
recommendations of the different stations. 

No experimental work has been undertaken with corn, flax, or any of the vegetables, 
and no definite plans have been made for the future, but it is recommended that the 
present experiments be continued. The committee welcomes criticisms on the present work 
and invites suggestions for experiments with corn, vegetables, and other crops. 

M. B. Moore, Chairman, W. K. Brentzel, F. J. Greaney, 

J. G. Horsfall, II. A. Rodenhisfji 

Report of the Committee on Standardization of Fnngicidal Tests. The work of 
the Committee has been divided into 3 phases, with specially designated subcommitteem as 
follows: (A) Laboratory Methods—8. E. A. McOallan and J. G. Horsfall, in cooperation 
Avith F. Wilcoxon and J. W. Heuberger; (B) Field Methods—H. 0. Young and K. J. 
Kadow; and (C) Laws regulating the sale of fungicides—J. W. Roberts, in cooperation 
Avith Errett Wallace. 

Lahoralory and Field Methods, In the furtherance of standardization of laboratory 
and field methods it is proposed to deA’clop ‘‘Standard Methods*^ as follows: A method 
haAuttg been studied by several different laboratories and found satisfactory wdll be ])re* 
sentod as a “Tentative Method,“ mimeographed and distributed to members of the 
Society and others interested. After the method has been adequately tested and reporte<i 
back to the committee, it will be cither (1) adopted as a Standard Method, (2) modified 
for further testing, or (3) discarded. A Standard Method Avould be ))ubli8he(l und(*r 
the authority of The Ameri<‘an Phytopathological Society, Committee* on the Standardiza¬ 
tion of Fungicidal Tests. Jn the event of studying potential, tentative methods, it becomes 
necessary to perform original research, such results aa’ouM become the property of the 
investigators, to be ])ublished as they suav fit. A tentative or Standard Method Avould not 
in itself constitute original research, but Avould cite all previous and original contributions. 

The following Tentative Methods have be<*n proposed: 

1. Tentative method on a standard Bordeaux mixture for laboratory tests and for 
determination of Bordeaux coeflicient. 

2. Tentative method for determination of mean particle diameter of fungicides. 

3. Tentative specifications for slide-moist-chamber method of testing protective fungi¬ 
cides. 

4. Tentative rwommendations on standard spray nomenclature. 

Members of the Society and others interested are invited to cooperate by testing and 
criticizing tliese tentative methods. Copies may be obtained from the Committee Chair¬ 
man, Boyce Thompson Institute, Yonkers, Ncaa^ York. 

Continued cooperation in developing laboratory and field methods, and in correlation 
of laboratory and field results are in progress. A cooperatiA^e study of methods of evaluat¬ 
ing apple foliage injury, embodying original research, was begun and aauII be continued 
next season. 

A round-table conference on laboratory testing of fungicides A\'as sponsored by the 
Committee at the Columbus meeting. A large and responsive group attended. Informal 
reports were given on Standardization of the fungus, factors involvcni ip deposition 
of sprays, evaluation of results, indications on predicting field performance, and difficulties 
ami inconsistencies of laboratory tests. 

tfams Mognlating the Sale of FungieUks, The subcommittee, having studied this ques¬ 
tion, points out the desirability of uniform State and Federal laAVs governing the sale of 
ftmgicides. Manufacturer, wholesaler, retailer, user, and experimenter would be benefited, 
and regulatory work would be more effective and less expensive. The cooperation of 
various interested groups to formulate uniform regulations would be desirable. It is 
further suggested that the service of the plant pathologist to the user of fungicides would 
be greatly facilitated if on every package of fungicidal material there was (1) a complete 
statemant of composition and (2) a statement of accurate directions for mu. 
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It is recommended t!iat the Bociety go on record as favoring these suggestions. 

It is proposed that the subcommittee continue its investigations by cooperating with 
various interested groups such as the entomologists, horticulturists, find manufa<*turers in 
an atttmipt to arrive at a mutual basis for formulating uniform regulations. 

B. E. A. McCallan, Chairman, J. W. Kobkrts, II. C. Young, 

K. J. Kaoow, J. G. Horsfall, i \ E. Yarwood, R . 11 , Daines 

Report of the Advisory Committee for 1939. The advisory comnnttee on programs 
and 80 C*u?ty activities has given attention during the year to numerous suggestions sub¬ 
mitted to it by the membership. We hav<' endeavored to sound out society opinion in a 
number of representative centers on the character of any changes that might be advan¬ 
tageously suggested to the program committee. The im>8t impressive result of this survey 
is the general satisfaction with our programs and the comparative lack of general criticism. 

There is fairly uniform agreement on certain matters, which have been suggested to 
the council as follows: 

(1) The i»rc^entation of new inalerial in the form of exhibits might well receive 
greater cmiihasis. 

(2) The policy of encouraging groups to get together to discuss problems of c(»mmon 
interest in special programs or in informal gatherings is a])precifited generally. It, of 
course, goes without saying that this should not expand to the point of jeopardizing the 
unity of the general program. 

(3) While there is not unanimous agreement on the question as to whether or not a 
policy of enlarging upon the miniber of invitation papers should be adopted, the majority 
opinion is decidedly in the ni^gative. 

(4i A majority seem to feel that the length of our session is not excessive. Tljcre 
are many of the opinion that too many ^mpers are fu'cepted, although it would appear 
tliat this group is still in the minority. The continuance of the democratic spirit that 
has yir(‘vailed in the acceptance of ]>a]H*rH from members is very definitely desired. Any 
increaHcd authority in the liands of a small c<»mmittec empowered to select or reject papers 
on their merits aj>parently Avould not be apfwoved by the majority. If it becomes necessary 
in future to restrict the number of papers at a session to a maximum number, it is sug¬ 
gested that this be accomplished by a general rule of limitation, such as the restriction 
of a number of papers per member. 

J. (\ Walker, (luiivman, F. L. Drayton, A, A. Dunlap, M. W. Gardner, 

K. L. Nixon, K. K, Vookiikks, W. J. Zaumeyer 

Report of the Membership Committee. This committw has continued its effort to 
iiHTcase the mcmibership in The Americam Pliytopathological Society. A high-pressure 
type of campaign has been studiously avoided. Whatever progress has been made we 
owe to the active cooperation of society ofl[ic<’rH and a large number of individual society 
members. 

The efforts of the committee }in%’e been directed along the following several lines: 

1. A circular letter has btMr'n sent to each member. 

2. A reprt'sentative in each State and Canadian Province has been asked to canvass 
the local situation and invite suitable former members and nonmembers to join. The local 
li.st of members has been sent to each one. 

3. Letters have been written to all former members who have been dropped during 
the lust several years because of nonpayment of dues. 

4. Letitws have been 8(*nt to each promising nonraeiiiber scientist who has had a paper 
cited in the current volume of PHYTOPATHOIA)GY. 

5. 8ixty-two new members were elected and 14 former members were reinstated in 
1939. 

A. J. Piker, Chairman, J. C. Carter, Kenneth Kadow, 

K. S. Kirby, R , M. Lindgren, B. A. Rudolph 

Report of the Oonuuittee on Technical Words. In view of the fact that the Inter¬ 
national Botanical Congress, scheduled to convene in Stockholm, Sweden, in 1940, has been 
postponed, your committee on technical w^ords feels justified in submitting two separate 
and not wholly consistent lists of terms, with the request that these be printed as a part 
of this report in order that they may be generally available to the meunbers of the Society, 
and in suggesting that formal action by the Society be (h'lferred until all memliers have 
opportunity to appraise the definitions submitted. One list was recently submitted by 
G. Wilbrink and contains definitions in French, German, and English. The other list is 
made up of definitions on which the members of this committee are more or less tenta¬ 
tively agreed. In preparing these definitions we have tried to follow the most common 
and established usage, were it precise enough, otherwise what seemed to bo t^he m(art 
correct usage was followed, consideration being given to usage in other countries. We 
also have tried to make each definition a unit; that is, understandable without references 
to another definition, unless it referred to one immediately preceding. 
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To* these lists we venture to prefix some observations roj^arding the value* as well as 
the intrinsic diMculty, of the interesting task we somewhat rashly undertook. We are 
encouraged in this procedure by the earlier action of the Committee on Nomenclature of 
the Ecological Society (see Ecology 20 : 331-333. 1039) whose basic principles'^ will 
repay a careful reading. Anyone really interested in principles of definition wall find a 
number of other relevant references in the text of the following paragraphs. 

Dr* Wilbrink and the members of this committee will, of course, welcome suggestions, 
corrections, and additions. Indeed, if criticisms are not forthcoming, the chief purpose 
of publication will have been missed. It may be well to emphasize in advance, however, 
that while we do not regard our definitions as final, or indeed, in some cases, as very 
satisfactory, we believe that even an imperfect definition may be well worth study. 

Considering the number and variety of papers published, language should necessarily 
serve as an aid instead of a hindrance to understanding, that the reader should not have 
to search for the author’s meaning, depend too much on context, or be obliged to * * trans¬ 
late'^ into common usage. Inevitably, the meaning of a word depends in the long run 
on usage, but definition! is only an aspect of usage. A definition is implicit in every 
use of a word. Explicit definition records and tends to limit usage. 

It should perhaps be repeated that we are under no delusion as to the possibility of 
inducing uniformity of usage. We feel, however, that something may be done to aid in 
reducing loose use of technical words. Loose usage is not the same as different usage. 
An author may use words in a sense quite different from the usual, but, if his concepts 
are clearly explained and his meanings explicitly defined, consistent with each other and 
consistently applied by him, he cannot be accused of loose usage. Different usage, how¬ 
ever, in itself offers special dangers, particularly if it involves coined or little-known 
words. One of the extreme examples of this in English botanical writing is the subject 
of comment by L. A. Walford and G. S. Myers in the current number of Copeia, December 
26, 1939, page 240. 

The whole purpose of language is to convey ideas to other persons. If each person 
or group used words in a different way, there avouUI be hopeless confusion of inounings. 
To a lesser degree the same thing happens if a word or a group of words lx* used in a 
manner different from the usual. A certain amount of conformity to a<‘cepte<l usage is 
necessary to understanding. Definitions should be an aid to attaining the necessary 
minimum of uniformity. 

It is obvious that there is a wide difference in the need for exactness in definition 
and use. The loose use of such terms as difteme and epidemic causes little confusion or 
misunderstanding, whereas continued misuse of such words as immunity, resistanct\ toler¬ 
ance and Mendusity (with resistance as a catch-all) tends definitely to confuse or mislead 
readers. The difficulty is, of course, enhanced w^heii the attempt is made to translate 
such loosely used terms. 

As an illustration of the intrinsic difficulty of defining the sort of terms in which 
we are most interested, take the two definitions of the word parasite in the attjmhed lists. 
One includes and the other excludes the viruses. There is already very good autliority 
for the use of host and parasite in connection with viruses. Whatever viruses may finally 
prove to be, they are certainly, as a group, dependent for their existence on the organ¬ 
isms they infect, as absolutely dependent as such obligate parasites as the rust fungi. 
They are known to multiply or be propagated, and must in some way obtain material for 
this spread from an organism which would, therefore, function as host for the virus. Yet 
80 to define the word parasite as to include them apparently involves either an extension 
of the term or the assumption that viruses are living things. 

In an essay on **The meaninglessness of the terms life and living," recently pub¬ 
lished by the Cambridge University Press in a volume entitled Perspectives iii Bio¬ 
chemistry," N. W. Pirie points out that in scientific nomenclature there is a whole class 
of ordinary English words whose meaning the scientist rather gratuitously redefines. 
Life and living are clearly words that the scientist has borrowed. The loan has worked 
satisfactorily until comparatively recently, for the scientist seldom cared and certainly 
never knew just what he meant by those words. Pirie finally arrives at thek conclusion 
that ‘ until a valid definition has been framed it seems prudent to avoid the use of the 
word 'life' in any discussion about border-line systems." • 

While one may always temporarily solve a problem by giving it up, and it is pos¬ 
sible, though not convenient, to avoid a term such as /i/c, there are terms that we need 
to use, even though we know our concepts may soon change and tliat any definition prob¬ 
ably toI soon be modified. Thus, it seems desirable to attempt a de^ition of virus in 
npite of the general uncertainty as to the nature of viruses. 

In P. W. Bridgman's "The Intelligent Individual and Society" (3939) words and 
their uses are discussed in a number of places. For example, on pages 18, 19, and 24, 
which lead up to tlie statement on page 56 that ^"The difficulty [in the use of words] 

iBy permission of The Macmillan Company, publishers in U. S. A. 
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is enhaneed by the fact that words in language are part of a stream of activity. The 
meaning of a word is affected to some extent by the whole context in which it is embedded, 
and, since this context never exactly recurs, the meaning of the word is never precisely 
the same.^^ More to the point right here is a specific reference to the question, What 
is found on page 78. It follows a discussion of footlessquestions and points 

out that many questions which on their face have some ‘ * objective ’' significance, in 
reality are concerned with verbalisms. ‘‘For instance, the question ‘What is life!’ turns 
out on analysis not to be a question about the external world alone, but a question as to 
the adequacy of our chissification of the objects of the external world into living and 
dead. * ’ 

In order to convince oneself that the dilemma at which we have arrived is by no 
means confined to plant pathology, it is only necessary to road any one of a number of 
recent scientific books. For example, in the introductory chapter to “The Human Value 
of Biology, “ published in 3938 by the Harvard University Press, Johan Hjort quotes 
and paraphrases Kant to the effect that whereas an arbitrary concept can always be 
defined, it must be very difficult and perhai)8 impossible, to define objects in nature. 
2 “Consoijuently the science of mathematics alone possesses definitions.'’ 

In spite of all these admitted obstacles, the members of your committee, again urge 
the publication, as a part of tliis report, of the lists submitted herewith, and of their 
continued revision by subseciuent committees, lest the Society fall under the condemnation 
expressed by Lamarck in relation to a quite different subject. (See The Lamarck Manu¬ 
scripts at Harvard, edited by Wheeler and Barber, page 161). 2 “ The majority of men 
consider only the w'ords they employ without disturbing themselves seriously about the 
ideas tiny intend to express. Everyone interprets words to suit himself according to his 
lights, his tastes and his desires. ...” 

Jessie I. Wood 

Neil E. Btevens 

Donald Reddick, Chairman 

PEPINmONS SUBMirrED BY THE i’OMMITTEE ON TECHNICAL WORDS 

ATTENCATION: Ijf^sseniug of the capacity of a parasitic organism or virus to cause disease 
in the host; reduction in its virulence. 

For the opposite process, restorahon has been used but is not complete in itself, t.c., 
must be used in the expression restoration of virulence. Other words suggested are 
reversionf revifforationy reviriseenee. 

carrier: All individual invaded by a pathogenic organism or virus without obvious reac¬ 
tion or sign of injury. 

disease: Deviation from normal functioning of physiological processes, of sufficient dura¬ 
tion or intensity to cause disturbance or cessation of vital activity. 

Difficulty or failure in the vital processes of an organism. (Adapted from Link, 
p. 847.) 

HOST : Living organism harboring another organism or virus dependent on it for existence. 

HYPERBENSiTiviTV : Violent reaction of an organism to attack by a pathogenic organism 
or virus, with prompt death of invaded tissue jireventing further spread of infection, 
(llyperseiisitiveness.) (Necrogenetic abortion in Wilbrink’s list.) 

(IntoU*rance as used for some virus diseases is apparently the same phenomenon.) 

immunity: Freedom from disease, due to lack of qualities permitting or to possession or 
ucijuirement of qualities preventing the operation of the pathogenic factor. 

With special reference to parasitic diseases: Freedom fr(»m attack by a pathogenic 
organism or virus due to lack of qualities corresponding to its requirements or to posses¬ 
sion or acquirement of additional qualities unfavorable to it. 

NATURAL IMMUNITY: Immunity due to qualities inherent in an individu^. 

ACQUIRED IMMUNITY: Immunity acquired during the lifetime of the individual organ¬ 
ism (not certainly demonstrated to occur in plants, with the possible exception of certain 
i"irus diseases). 

IMMUNIZATION: Treatment of an organism designed to render it exempt from attack by 
a given pathogenic organism or virus; process of acquiring immunity, 

immune: Exempt from disease; not subject to attack by a pathogenic organism or \drus. 
With from; also used (erroneously) wdth to; (and, according to Vrebster’s Dictionary, 
with against or of). From is generally considered to be best usage. 

2 Reprinted by permission of the President and Fellows of Harvard College* 
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infect: (Of a pathogenic niicroorgauisxii or virus)—to invade an organism. 

(Of an agent)—^to affect an organism with a. pathogenic microorganism or virus; to 
bring about infection in an organism. 

INFECTED; (Of an organism)—Invaded by a pathogenic microorganism or virus. 

Following most precise usage it is preferable to restrict the application of the term 
infected to an organism actually invaded by a pathogenic microlirganism or virus. For 
mere surface contact or mixture with microorganisms^ as of spores on seeds, etc., or for 
inorganic substrata, it seems best to use the term contaminated, as contaminated seed, or 
soil, etc., although many careful writers do use infected. I'he term infested is preferred 
by some to contaminated for use in this connection, whereas others following what appears 
to be the best non-technical Knglish usage confine the application of infested to organic 
or inorganic substrata invaded by larger foreign organisms. 

INPECTIBLE: Possessing qualities permitting invasion by a pathogenic microorganism or 
virus. 

INFECTIBILITY: noun. 

INFECTION; Process or state of establishment of a pathogenic microorganism or virus in 
a living organism; state produced in the affected organism by such establishment. 

INFECTIOUS: Resulting from invasion by a pathogenic microorganism or virus (of disease) ; 
communicable; transmissible. 

INFEC'TIVE: Possessing ability to produce infection; productive of infection. 

(Of a microorganism or virus)—iioasessing ability to invade a living organism. 

(Of a vector, medium, etc.)—ability to transmit a x'Jithogenic micro- 
organism or virus. 

INFECTIVITY (infectiveness); noun. 

iNOCTjr.ATE: To contaminate or mix, to bring into contact or implant (an organism, culture 
medium, soil, etc.), with, a microorganism or virus, or material containing either. X^sed 
with with. 

To introduce a microorganism or virus, or material containing cither, into (an organ¬ 
ism, culture medium, soil, etc.), tfsed with into, sometimes with to. 

It does not seem worth while to discourage the common and well-established usage 
with reference to inorganic substrata, often criticized on the grounds that one cannot inocu¬ 
late that which cannot become diseased. 

INOCULATION; noun. 

Of (a medium, organic or inorganic) with (a microorganism or virus). 

Of (a microorganism, etc.) into (a medium). 

JB?/ (an agent or method). 

INOCULUM; Material acting or used in natural or artificial contamination with a micro¬ 
organism or virus. 

INOCULA; plural. 

KLENDUsiTY; Ability of a susceptible variety to escape infection because of possession of 
some quality preventing or hindering successful inoculation under conditions conducive to 
infection in other varieties. 

PARASITE; Organism or virus existing within or attached to or in intimate association wdth 
another living organism, from the functioning tissues of which it derives part or all of the 
material for its nutrition. 

Organism or virus for which the tissues of another living organism serve as substratum 
and source of nutrition. 

PARASITISM : Partial or comidete nutritional dciiendence of one organism or virus on the 
tissues of another living individual. 

The above definitions do not exclude such stmeturos as embryo sacs and the 8x»oro- 
phytes of Bi^ophyta. If this is desired it will l>e necessary to qualify the phrase other 
living organism by some such phrase as in whose development or functioning it is not a 
necessary or normal pari. 

pathogen: Parasitic organism or virus whose activity causes disease in the host, 
PATHOGENIC : Disease-inciting; possessing ability to induce disease. 
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pATiioQKNiriTY: Ability to cause disease, 

EESISTANCE : Ability of an organism to withstand or oppose the operation or to lessen or 
overcome the effects of an injurious or pathogenic factor. 

Ability of the host to suppress or retard the activity of a pathogenic organism or 
virus. 

SENSITIVITY : Inability of the affected organism to endure the operation of an injurious or 
pathogenic factor or the activity of a pathogenic organism or virus 'without more or less 
strong reaction, evidenced by varying degrees of symptom expression and damage. 
(Sensitiveness.) (Sensibility, in Wilbrink's list.) 

srscEPT: Organism affected or capable of being affcctf'd by a given disease. 

ftPS(!EPTiBiLiTY": Inability of an organism to oppose the operation or to overcome tlie 
effects of an injurious or pathogenic factor. 

Inability of the host to defend itself against or to overcome the effe<*.ts of invasion by 
a pathogenic organism or virus, 

tolerance: Ability of the affected organism to endure the o])eration of a pathogenic 
factor or invasion by a pathogenic organism or virus with little or no reaction, as slmwn 
by the more or less complete absence of symptom expression and damage. 

(In Wilbrink’s list: Nonsonsibility plus tolerance.) 

VIRULENCE: Relative capacity to cause disease; degree or measure of pathogenicity of a 
parasitic organism or virus. 

VIRULENT: Manifesting a high degree of pathogenicity; strongly pathogenic. 

A VIRULENT: opposite of viruhmt. 

virus; An obligately parasitic patlmgen, capable of reproduction in suitable hosts, ultra 
vuvroscopic and recognizable only Ixjcause of the visible effects produced in the inftHJted 
host. (Derived from Bawden's text. Hee below.) 

, . . an obligately ])ara,sitic pathogtm with at least one dimension of less than 200 
mp.” (as detined by F. C. Bawden in Plant Viruses and Virus Diseases” published by 
the (’hronica Boianica Company, Leiden, Boiiaud. 1939.—Further, discussing the possi¬ 
bility of the (existence of 8{iproj)hytic viruses or parasitic viruses that cause no symptoms 
in any inf<*ctod organisms, until such saprophytes or hypothetical parasites can be 

shown to resemble the pathogenic viruses in properties mor(» fundamental than size, it 
w^oiild seem preferable to restrict the name virus to agents fulfilling all three requirements 
of the suggested definition.”) 

” Probably the majority of scientists at the present time are of the opinion that virnscjs 
aro high molecular weight proteins capable of reproduction in a spcHualized medium, that 
medium perhaps being restricted to living protoplasm” of infected organisms in 'which 
they cause disease. (C\ W. Bennett, The nonwmclature of plant viruses. Phylopath. 29: 
42i-430. 1939.) 

The established plural form in English is viruses. 

According to Holmes (Francis 0. Holmes, Proposjil for extension of the binomial sys¬ 
tem of nomenclature to include viruses. Phytopath. 29: 431-430. May 1939) the Latin 
word virua was not used in Ihe jdural, but if a plural were formed it would be vira. He 
has used this coined Latin plural form as the name of a suggested new organic kingdom, 
Vira (?.c.), 

viROSis : A disease caused by a virus, virus disease. 

The use of virosis, vironcif, has been objected to because of suggested possibility of 
confusion with viruses. This i>ossibility seems remote and insufficient grounds for the 
rejection of a useful and established word. 

UErmiTIONS SUBMITTED BY 1>R. G. WILBRINK 

PARASITE; Organism capable of growing and (or) multiplying on or within a living plant, 
the host, and of deriving part or all of its food from the functioning tissues of this plant, 
a one-sided nutritive relationship never beneficial and often harmful to the host. 


AOGRESSIVITY OR VIRULENCE*. Ability to live as a parasite. 

PATHOGEN; Parasite, virus or other agent capable of inducing or inciting disease. 
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pathogenicity: Ability to induce or incite disease. 

ATTENUATION : Lessening of pathogenicity. 

RESTORATION .* Bcstoration of pathogenicity. 

SUSCEPTIBILITY: The sum total of qualities which make n plant a fit host for a given 
pathogen. 

NONSUSCEPTIBILITY: The lack of the above qualities. 

RESISTANCE : The sum total of qualities of the host which oppose the development of a given 
pathogen. 

NATURAL PASSIVE OR STATIC RESISTANCE: Eesistaiicc which is diie to qualities innate to the 
host prior to the attack and not to reactions incited by the attack. 

NATURAL ACTIVE OR DYNAMIC RESISTANCE: Resistance w'hich is due to reactions incited by 
the attack. 

IMMUNIZATION: Treatment applied to a plant in ord(‘r to increase its resistance or to 
confer resistance upon it. 

INDUCED resistance: Resistance or increase of resistance if the plant reacts passively in 
regard to this treatment. 

acquired resistance: Resistance if the plant reacts actively in regard to this treatment. 

sensitivity: Liability of the plant to show more or less violent symptoms of disease, 

nonsensitivity : Ability of the plant to endure the development of a parasite or a virus 
or the influence of another i>athogenic agent without showing symptoms of disease. 

TOLERANCE: Ability of a plant to endure the development of a parasite or a virus or the 
influence of another pathogenic agent without showing more than slight symptoms of 
disease. 

ABOKTOGENIC NE<R0,si8 : Tlic prompt death of the host tissue at the point of attack of the 
liathogen, checking the further development of the latter. 

NOMENKIJ^TTtr PHYTOPATHOLOGIE 

parasit: Organlsmus, der die Fahigkeit liesitzt in odcr auf eimu* lebenden Pflanze (Niihr- 
pflanze oder Wirt) zu loben Oder (und) zu miiJtijdizieren und dabci seine Nahrung teilw'eise 
Oder ganz den funktionniorenden Geweben dieser Pflanze zu entnehem, welche einseitige 
Nahrungsgemeinschaft nicht vorteilhaft sondern oft shadlich ist fiir die Nahrpflanze. 

agressivitat ODER viRULENZ : Die Filhigkeit um parasitisch zu leben. 

PATHOGEN: Parasit, Virus odt»r sonstige Erreger iin 8tande Krankheitserscheinimgen bci 
Pflanzen zu erregen. 

PATHOGENiTAT : Die Filliigkoit Krankheitserscheinimgen bei Pflanzen zu erregen. 
ABSCHWiCHUNG: Verriiigcrung der Pathogenitiit. 

WIEDERHKESTELLUNG ; Restaurution der Pathogenitiit. 

ANPALLIGKEIT ODER EMPFANGLICHKEIT : Die 8umme der Eigensehaften, die eine Pflanze 
geeignet maehen als Nahrpflanze fiir einen Paranit oder einen Virus zu dienem 

UNANFALLiOKBiiT ODER UNEMPEANGLiCHKEiT; Der Mangel an dcn genauntcn Eigensehaften. 

RESISTENZ ODER 'WiDERSTANDSPAHiGKEiT: Die Summc der Eigensehaften der Nalirpflanze, 
welche die Entwieklung oder (und) Vermehrung des Parasiten oder Virus heramen. 

nati^&liche passive ODER BTATiscHE RKBisTENZ: Die Hesistonz, welche hervor aus Eigen* 
schaften geht, die schon vor dom Angriff des Parasiten oder Virus anwx*«eiid waren und 
nicht aus Reaktionen durch den Angriif erregt. 
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KATOmacHE AKTivB ODEB DYNAMiscHE EK6ISTENZ: Bic Ecsistenz, welclie auf Reaktionen 
berulit, durch den Angriff erregt. 

iMMUNisiEEUNa: Behaudiimg elner Bflanze mit dem Zwecke die Besistenz dieeer Pilaiize zu 
erhdhon Oder ihr Besistenz zu vcrleihen, 

INDXTZIERTE BESISTENZ: Bie Besistenz oder Erlioliung der Reisistenz, wenn die Pdanze sich 
bezuglich dieser Behandlung passiv verhalt. 

ERWOBBENE BESISTENZ : Bic Rcsistenz, wenn die Pflanze sich bezUglich dieser Behandlung 
aktiv verhillt. 

EMpriNDLiCHKEiT; Beschaffenlioit der Pflanze urn raehr oder wenig starke Kraiikheitser- 
scheinungen zu zeigen. 

IJNEMPPINDLICHKEIT: Vermogen der Pflanze die Kntwicklung oder (und) Vermehrung eines 
Parasiten oder Virus odor die Einwirkung eines anderen pathogenen Einflusses zu ertragen 
ohiio Krankhoitaerscheinungen zu zeigen. 

TOLEKANZ: Vcrmogen der Pflanze die Entwicklung oder (und) die V(‘rmehrung eines Para- 
siton Oder Virus Oder die Einwirkung eines anderen pathogenen Einflusses zu ertragen und 
keine <»dor nur undeutliehe Krankheitseracheinungen zu zeigen. 

ABOKTOCJENE NEKROSE: Bas schuelle Abaterben des Oewebes der Nahrpflanze an der Angriffs- 
atelle des Parasiten oder Virus, wodurch der Entwicklung des Parasiten oder Virus ein 
baidig<*s End<‘ gesetzt wird. 


NOMENCLATURE PHYTOPATHOLOGIE 

PARASITE: Organisnie iHant capable de se d^velopper ou (et) de se multiplier sur ou dans 
mw ])lante vivnnte (plantc nourriciere ou sujet) et d’extruiro une part de sa nourriture 
ou toute sa nourriture des tissus fonetionnantea de cette planto, cette aasoeiation nutritive 
uni laterale n’^tant pas arantageuae inaia souvent nuisible au sujet. 

AGRESsiviT<f: or virulence: La capacity de se duH’eloppor ou (et) de se multiplier dans 
une pi ante vivante. 

PATHO<iftNE: Parasite, virus ou autre cause capable d’engendrer ou d inciter des symp- 
tomes de lualadie veg^4ak\ 

PATiKKJ^NiciTfi: Capacity pathogene. 

ati'J?:nCATION: Affaiblissement de la pathog^miciti^. 
restaitration : Reatauration de la i»athogenicit^. 

R6t!EPTiviT^: Le total des qualites, qui rendent une plantc accessible h un parasite ou 
un virus. 

Rl^sisTANCE: Le total des qualites du sujet, qui s’opposent an d^*veloppement ou (et) k 
la multiplication du parasite ou virus. 

r#.sistan(;e naturelle passive or ri^sistance statique est basce sur des qualites dt*jh 
prcseiites dans Ic sujet ant/^rieureineiit k 1 ^attaque du parasite ou du virus et non produilos 
par 1 ^attaque. 

R^isisTANCE NATiTRELLE ACTIVE OU RES1ST.\NCE DYNAMiQUE est basee sur des reactions 
produites par I’attaque. 

iMML'NiSATioN: Tmitoment d’une plante afln d^en augraenter la resistance ou de lui con- 
f^rer de la resistance. 

iNj>i7iTE est cette augmentation ou obteiition de resistance dime plante passive en rap¬ 
port du traitement. 

ACQUiSE est cetto augmentation ou obtention de resistance dime plante active en rap¬ 
port du traitement. 

sensiiwlit] 6 ; Aptitude d’une plante de montrer des symptdmes de maladie. 
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INSENSIBILITY: Capacity d^une plante de subir le d^^veloppement ou (ot) la multiplication 
d^un parasite ou virus ou Inaction d^une autre cause pathog^fiie sans montror des symp- 
tdmes de maladie. 

tolYrance: Capacite d^me plante de subir Ic d^veloppement ou (et) la multiplication 
d'uii parasite ou virus ou Paction d'une autre cause pathogene sans faire paraitre des 
symptomes ^vidents de maladie. 

kYceose avobtogYne: La mort subite du tissu au point d^attaque dii paravMit<» ou virus 
arretant la marche du pathogene. 

Report of the Temporary Committee on Fungous Nomenclature. In the xmst 
summer the President of the Society apx>ointed a committee on plant pathology for the 
purpose of cooperating with a similar committee of the British MycologiciU Society. 
The purpose involved was twofold: first, to work toward a stabilized nomenclature for the 
fungi, j)articiilarly for those species involved as plant imthogens, and secondly, to consider 
again after the lapse of some years the ])ossibility of the standardization of common names 
of i>lant diseases. The British committee has made notable progress along both lines 
through concrete proposals for ftowina gencrica comervanda (see Trans. Brit. Myc. Soc. 
23: 215-232, 281-292. 1939) and in the imblication of a list of common names of 

British plant diseases. This list is now in its second edition, and a third has been in pre^pa- 
ration. Both the common names employed in this list and the corresponding Latin names 
of the pathogens have had wide acceptance throughout the British Empire. 

The American committee is giving careful thought to both x>hases of the x»roblem. 
As a preliminary stej), the projiosal of the British committee for the conservation of 
Urocystts versus Tuhiircinia will be seconded by a note in PHYTOPATHOLOdY. 
Further consideration will be given to other geneia for conservation in accordance with 
the International Rules of Botanical Nomenclature, and it is hoped a definite beginning 
can be made on the admittedly difficult task of arriving at a generally acceptable st‘rieB of 
common names for American plant discjisea. 

G. L. ZuNDEL, Chairman, J. A. Rtevknson, 

C. M. TroKER, D. S. Welch. Erdman West 

Report of Temporary Committee on Publicity. Your temporary committec‘ on pub¬ 
licity wishes to report that it finds immense possibilities of i^opularizing phytopathology 
and improving its public relations. To accomplish this the committee should function 
throughout the year. It is only by the sincere and unselfish cooperation of the members 
that these relations can be suitably maintained. 

The committee can act only as a clearing house of information furnished by the 
pathologists of the country throngli the committee to the science writers, reporters, and 
magazines. It is not the purpose of the committee to nqdace any local publicity, but 
rather to further national distribution of new information and correlate this information 
wdth plant pathologists, giving full credit to the author. 

We suggest tliat the committee be made permanent. 

C. T. Gregory, Chairman, J. A. Pinukard, A. J. Ullstri p, 

.T. II. Jensen, H. W. Ranktn, W. S. Snyder 

Proposed Policies and Functions of the 1940 Standing Committee on Publicity 
and Public Relations. It is the sentiment of the Society that plant-pathological prob¬ 
lems are not receiving their proj>er recognition in the press and that this lack of ])ublicity 
is seriously affecting the recognition and support of our work. A committee of 10 mem¬ 
bers was appointed to study this problem and to improve our publicity relations. 

It is not the function of this committee to interf€?rc in any way with the local or 
national publicity arrangements that may already be extant, but rather to serve as a tool 
to further implement our publicity. Its success dep(*nds solely on the whole-lieartod 
cooperation of the pathologists of the country. 

The functions and policies of the committee should l>e: 

1. To serve as a contact agent between fiathologists and the various news agencies to 
the end that plant pathological news items may be given wide publicity. 

2. To create and maintain public interest in plant diseases and their control by show¬ 
ing that crop losses caused by these diseases may affect both farxn and city people a rid by 
keeping the people informed of the latest developmnts in control. 

3. To give full credit to the investigator or source of the information. 

4. To release such publicity immediately after it has been published in a scientific 
journal, unless specifically jxermitted by the author to release the information immediately 
upon its receipt. 

5. To issue dignified, factual news reports to accredited science-news writers and to 
suppress inaccuracies and sensationalism through indiscriminate releases to unknown and 
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untriod scienoo writers. It is not tlic committee’s intention to releaBe news items to local 
palmers but to tbe national chains that employ the very best science writers. 

C. T. Gregory, Chairman, O. C. Boyd, J. II. Jensen, J, A. Pinckard, 0. H. Starr, 

Frank McWhorter, A. G. Newhall, A. J. Ullstrttp, G. F. Weber, P. A, Young 

Summary of Keport of Committee on Proposed Cumulated Index for PHYTO¬ 
PATHOLOGY. It is recommended that the Council of The American Phytopathological 
Society authorize the preparation and publication of a cumulated index covering the first 
30 volumes of PIIYTOPATHOIiOGY, and it is auggested that the program be financed 
by funds to be raised by the Committee on Donations and Legacies, with eventual reim¬ 
bursement, at least in part, from roc'cipts on the sale of the Index, unless a better plan 
be forthcoming. 

A statistical study of the first 28 volumes of PHYTOPATHOLOGY indicated an 
average of 20 index pages per volume, with 9 titles covered per index page. This would 
work out to 600 pages for the .‘>0 volumes. However, due to much combining of entries 
in a cumulated index, it is estimated that the 30‘volumc index would not run over 400 
pages, and very probably it would be much less, using the general tj^pe of indexing 
cmj)loyed in the current volume. 

It is recommended that qualified pathologists be invited to index one volume each at 
an lamorarium of $25.00 for 12 issues (2 volumes for the earlier years, and 1 volume be- 
giuuing with 1918), the index entries to be tyiied on perforated sheets to be furnished 
them, along with directions for indexing. 

It is estimated that the total cost of preparing the index for the printer would not 
exceed $1,000.00, including lionoraria, correspondence, index paper, and clerical work 
(alphabetizing and typing). The printer's bill, depending on the paper stock used and 
the numiH'r of pages, should not exceed $2,100.00 to $2,400.00 (including mail). An 
edition of 1,500 is suggested. A tentative quotation »s to price for pre* and post-publicn- 
tion ord(*rs, rt'spectively, might be $3.50 and $3.75 to members, and $3.75 and $4.00 to non¬ 
members, but perhaps Uigh(‘r figures and a wider spread in price would more desirable. 

If approved, (1) work should go forw^ard immediately, and (2) an announcement 
should apjH*ar in PHY'TOPATITOLOGY, The (Committee is not in complete agreement 
as to the advisaljility of circularizing the meml)ership at this stage for pledges to ]>urcha8e 
the Index wlum publish(‘d. Whieli step should precede is probably a matter for the Council 
to decide. 

The full r<q>ort of the Committee follows; 

Report of Committee on Proponed Cumulated Index for Phytopathology. In the 
spring of 1939, preliminary tf) any discussions or actions by this Committee, a study W’as 
made of the 28 volumes of IGiyTOPATHOLOGY then completed, counting the pages 
of text and of ind(*x, numbers of j>a]iers, abstracts, reviews, and notes, the total number of 
titles (sum of last four items) indexed, number of titles per index page, and average num¬ 
ber «»f text pages per title for each of these volumes. These data are summarized in the 
tabulation (»u [uige 379. 

Miss Bien of the Dejmrtmont Library* indexed vol. 26, and the Chairman of this com¬ 
mittee, vols. 27 and 28: It will be noted that almost exactly the same amount of index 
space per title was used in these three volumes, although the indexing system for vol, 26 
diff<*red from that of \a)ls. 27 and 28. Preceding volumes were indexed by parcelling out 
the individual issues to different pathologists and librarians, so that much variation oc¬ 
curred and was to b(‘ exfK»cted, Furthermore, the number of entries required per paper 
depends t(» a large extent on the character of the contribution—^moreso often than on its 
length: t.g,, tlu' published abstracts require almost and sometimes quite as much indexing 
space as the full papers; and papers with many* organisms or new hosts take a correspond- 
J^veater space to index than those concerned w’ith one or only a few phases of a dis- 
(*a8c of one liost. After looking over some of the extremes in index space used it was 
conclude<l that perhaps the closest estimate might be obtained by finding the average for 
the 28 volumes: this figure comes out as slightly over 9 tiGes per index page, while Gie 
average of index i>agevS per volume is 20.2 (the first 7 volumes had only 6 issues each; 
there Avere 567 index pages in the 28 volumes, and 5217 titles—exclusive of errata and 
Hocioty reports—to be indexed). Allowing 9.2 titles per index page for the 5217 titles 
we get. a total of 567 pages for the 28 volumes, or 20.2 index pages per volume; for 30 
volumes this would become 606 pages. In a cumulated index there is a good deal of com¬ 
bining of entries, so it is believed safe to assume that the 30 volume index would not take 
ov<*r 400 pages and very probably less. 

A number of individuals agree that the cost of liiriug n professional indexer 
w*ould be prohildtive, and that a professional indexer—unless at the same tiino a 
plant pathologist—would do an inadequate job. On the basis of 11 years’ experience 
as associate editor (^f Biological Abstracts, including a hand in working out the index 
system used and in training indexers, the chairman fully believes that with a carefully 
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Vol. 

Year 

Pages 

text 

Pages 

index 

Number of 

Titles 

indexed 

Titles 

per 

index 

page 

Av.pp. 
per title 

No. of 
issues 

Papers 

Absts. 

Reviews 

m 

a> 

•4^ 

o 

1 

1911 

204 

4 

37 

17 

5 


59 

14.7 

3.4 


6 

2 

1912 

276 

11 

41 

37 

4 

9 

91 

8.3 

3.0 



3 

1913 

313 

13 

44 

31 

4 

17 

96 

7.4 

3.2 



4 

1914 

417 

16 

35 

100 

2 

21 

158 

9.9 

2.7 



5 

1915 

356 

9 

52 

20 

1 

15 

88 

9.9 

4.0 



6 

1916 

454 

10 

47 

69 

5 

33 

154 

15.4 

2.9 



7 

1917 

458 

11 

49 

63 

4 

28 

144 

13.1 

3.2 


f 

8 

1938 

627 

14 

59 


7 

36 

92 

6.6 

6.8 

1 

o 

9 

3919 

587 

n 

55 



19 

74 

6.7 

7.9 



10 

1920 

554 

12 

57 

61 

2 

19 

139 

11.6 

4.0 



11 

1921 

516 

20 

69 

98 

1 

42 

210 

10.5 

2.4 



12 ! 

! 1922 

585 

15 j 

70 

147 


15 

* 232 

15.5 1 

! 2.5 



13 

3923 

562 

22 I 

69 

100 


22 

191 

8.7 i 

1 2.9 



14 

1924 

588 

21 

61 

150 


26 

237 

11.3 ! 

! 2.5 



35 

1925 

809 

19 

86 

84 

3 

21 

194 

3 0.2 ' 

4.6 



16 

1926 

1012 

19 

78 

95 

4 

23 

200 

30.5 

5.0 



17 

1927 

836 ; 

21 

79 

65 

3 

12 

159 

1 7.6 

5.2 



‘ 18 

1928 

1030 j 

27 

75 

115 

3 

25 

218 

8.0 

4.7 



19 

1929 

1147 

26 

88 

95 

2 

55 

1 240 

9.2 

4.7 



20 

1930 

1011 

21 

89 

117 

4 

33 

243 

11.6 

4.1 



21 

1931 

1207 

22 

90 

96 

6 

21 

213 

9.7 

5.6 



22 

1932 

1002 

29 

74 

105 

5 

37 

221 

7.6 

4.5 



23 

1933 

1006 

28 

78 

320 

7 

38 

243 

8.7 

4.1 



24 

3934 

1318 

52 

97 

118 

9 

72 

296 

5.7 

4.4 



25 

1935 

1138 

43 

81 

165 

6 

36 

288 

6.7 

3.9 



26 

1936 

1160 

22 

93 

91 

7 

37 

228 

10.3 

5.1 CHn 



27 

1937 

1186 

21 

88 

88 

5 

36 

217 

10.3 

5.4 FVR 



28 

1938 

939 

28 

99 

139 

7 

47 

292 

10.4 

3.2 FVR 




worked out set of directions—^including examples—jiiid a judieious selection of invited 
j)eraonnel we can enlist pathologists to do a volume or tw'o each (the early fi-issiie volumes 
each to count as half a volume). After 3 years' indexing on PHYTOPATIIOLOGV, 
it is estimated that each issue would average 4 or 5 hours. Again, taking the experi¬ 
ence of Biological Abstracts and Chemical Abstracts, it is believed that an lionorarium 
of $25.00 per each 12 issues would do the trick. For 50 to 00 hours’ work $25.00 may 
seem rather small pay for scientifically trained people, BUT the experience of these two 
journals has proved that an honorarium, however inadequate, serves as the added impetus 
needed to activate a person who is already interested in the subject. If the analytical- 
type of subject index used by Biological Abstracts—and the one used in PHYTOPA¬ 
THOLOGY now for the third year—is employed it will be necessary to index anew only 
through volume 26, the index cards beginning, with vol. 27 having been saved, (’ounting 
two of the fi-issue volumes as one, this leaves 22.5 **volumes" to be indexed: at.$25.00 
each, this would come to $562.50. 

For 13 years, Biological Abstracts has been using perforated sheets for typing the 
index entries. These are easy to tyi>e and handle, can be edited against the original pap¬ 
ers readily before tearing apart into the in dividual 10 cards each, can be easily and rapidly 
marked for the printer and sent without co])ying, if so desired (thus making for accuracy), 
and there has never been any trouble with regard to printers' accepting them as copy. All 
the Botanical Alistraets and Biological Abstracts indexes have l>een sent in this way, and 
several other j^rinters, including the Government Printing Office, have accepted this system 
without question. By numbering in final alphabetized order with a numbering machine 
assurance may be had that none of the entries are skip|>ed. Biological Abstru(‘ts has 
never numbered them and, so far as we know, no entries have been lost. 

This is probably not the time for a detailed discussion of indexing policies, but the 
general analytical type used in Biological Abstracts and in the last three volumes of 
PHYTOPATHCIjOGY is preferred by the Committee; main subject w'ords are alpha¬ 
betized fluali wdth the margin, and each siibentry is inset 1, 2, or 3 places from the margin, 
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respectively. This form is most easily used, enabling the reader to see at a glance what 
is there. It may take somewhat more space than the block system formerly used in 
PHYTOPATHOIjOGY, but this is more than made up for by the change in the author 
index and reduction of entries to simplest terms. Through volume 26 the entire titles of 
papers followed the authors' names in the index: this seemed unnecessary, since subject 
matter is all given first place entry in the index. In the current index each author is 
given only first-place entry, joint authorship being indicated by the page reference in 
<<(—Thus, flohn Doe and Henry Brown occur in the index as: ‘*I)oe, John, 22"; 
"Brown, Henry, (22)," New taxonomy, as in the past, is in blackface type. 

Bhould the Cumulated Index program be approved, a detailed set of directions will 
be worked out and distributed to the invited collaborators doing the indexing. In the 
current volume, the Chairman has endeavored to follow the general lines approved by this 
Committee. How'over, since the iSoeiety has endeavored r(H*ently to enlist other than pro¬ 
fessional phytopathologists in subscribing to its journal, an effort has been made to pre¬ 
sent the material in such manner as to make unnecessary any knowledge of scientific 
names, though the lattoi* also have been included. In a cumulated index it would be less 
readily f(*asible to go to quite* this detail. All such matters will, of course, receive full 
consideration when or if the project is approved. 

The (^Jornmittee’s estimates on the cost of preparing the proposed 30-volume index for 


th(* printer follow: 

Honorarium at $25.00 per each 12 issues to the indexers (index cards of Chair¬ 
man 's indexing saved for vols. 27-29, and will be also for 30) through 1936 $562.50 

AlphabctiKing cards and typing 100.00 

Honorarium for final editing (at least a two-months' fiili-timo job) 200.00 

Cornjspoiidence (postage on the index included in printer's estimates) 25.00 

Index paper at $2.50 per 1000 in 5000 lots, like sample (5000 should be ample, 

with margin of safety) 12.50. 

Total $900.00 


With an addtnl $100.00, making it an even $1000, for safety, the total cost Avould then 
be tJiis amount plus the printer’s estimates, ivhich follow: 

"The j>er ])age price can stand exactly as it is. If you have more or less pages an 
adjustment can be made, or if we see the copy we shall be glad to make a bid on the vrhole 
manuscript exactly as it is submitted to us. We, of course, shall be glad to bill the So- 
(•i(*ty on the per-page basis according to how many pages the manuscript may run to. 
This s(‘ems like a more satisfactory way of handling it, but we can make an estimate and 
abide by it, though we would then have t<i allow a margin of safety, but if it is done on 
the per-page basis there is no gamble on either side. 

"Based on the usual index in Phtffopothologg yvo estimate the total price would be 
as follow's: 

1,01 »0 Copies 1,900 Copies Wcight each 

Phytopathology stock $2,226.25 $2,600.81 21 lbs. 

Bei'ence stock 2,092.00 2,347.81 2 lbs. 

Biological Abstracts stock 2,107.50 2,377.31 H lbs. 

(Book rate—li cts. per lb, in U. H. A.) 

"You wmII note above that we have also given the wcdglit of each book. Two and-a- 
quarter lbs. would cost 4A cts. to mail, while the Biological Abstracts paper would only 
cost 1^ cts. H()W(»v<*r, tl^e penalty charge on thin ]>aper would be a great deal more than 
the iiK*r<'ased postage charge based on the weight of the books. As long as the book rate 
is in t‘ffeet I think it is best that you use paper which is used in Science, sample of which 
you will find enclosed. We are in a position to give you this paper at a somewhat reduced 
cost because we buy it in large quantities for Science and other publications. We are 
giving you on a separate sheet the details showing how*^ w'C arrived at the total cost." 
I Excerpts from letter of November 30, 1939, from Jaques Cattell, Viee-Prc'sident and 
Bocretury, The Science Press Printing Company.] 

As above detailed, the estimates aiv for editions of 1000 and 1900, resjiectively; per- 
liaps an intermediate number niiglit more nearly fit the case. The Committee favors an 
edition of 1500 and the |>apcr stock used in Science, A suggested price to Bociety mem¬ 
bers might be tentatively set at $3.50 for prepublication and $3.75 for post-publieation 
orders, with $3.75 and $4.00, respectively, as the prices to uomnembers, though higher 
figures and a wider price spread might be desirable. Possibly announcement of exact 
prices and paper stock should bet deferred until later. 

If the green light is given by the Council, indexing work on the published volumes 
of PHYTOPATHOTXIGY should go forward immediately after January 1, 1940, in order 
that the index cards for the first 29 volumes may be prepared, alphabetised, and edited 
so far as possible before the end of the year. During the year, as the issues apiiear, the 
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indexing for volume 30 can bo done in duplicate for use (1) in the 1040 current volume 
index and (2) for inteipolation in the cumulated index die as the work goes on. In this 
way the completed Cumulated Index should be ready to go to the printer in January, 
1941; the date of publication after that would depend on promptness of printer and 
proofreaders. 

The Committee agrees that Society members and subscribers sliould be circularized 
by double post card (with blank order or pledge to be signed on the return part), and 
that a full-page announcement on Cumulated Index plans be published in PHTTO- 
PATHOLOGY at an early date. The only question is whether the cirmfJarisiation should 
be done immediately on approval of the project, or should await partial fulfillment of the 
workj when the number of pages, costs involved, and prices to be charged can be more 
definitely estimated. 

The Committee feels that the advancing of necessary funds for carrying out the 
preparation of this index might well be placed in the hands of the Committee on Dona¬ 
tions and Legacies of the Society. It is believed that such use would be entirely within 
the original objectives of the Lyman Pund, and that such use of any other funds in the 
hands of this Committee would be entirely proper and at the same time funiish a good 
example to the Society of the value of having such moneys available for its use. It is, 
therefore, suggested that the Council take up this matter with the Committee on Dona¬ 
tions and Legacies and if agreeable to all concerned that this Committee be authorized 
to have charge of financing the Cumulated Index project, to bo reimbursed by moneys 
received from the sale of the Index. 

At this point it will probably have been surmised that the Committee recommends 
the preparation of a Cumulated Index for the first 30 volumes of PHYTOPATHOLOGY, 
and such is the case. 

Kosiiectfully submitted to the Council of the American Phytopathological Society. 

PHKDEEirK V. Rand, Chairman 
Geo. L. Peltier 
Neil K. Stevens 


Supplement 


Printer's Estimate on the (\)st of Printing PHYTOPATHOLOGV' Index 


1,000 Copies, 8 pt. on 8, per page 
1,900 Copies, 8 pt. on 8, per page 
Additional 1,000 Copies, per page 
1,000 Covers and Covering 
1,900 Covers and Covering 
Additional 1,000 Covers and Covering 

Cost of Printing 1,000 Copies, 400-page Index (PHYTOPATHOLOGY Stock); 
400 pp. 8 on 8 at $5.48 $2,192.00 

Covers and Covering , 24.25 

MaiHng at $10.00 M 10.00 


$ 5.48 
6.35 
.97 
24.25 
41.80 
19.50 


$2,226.25 

Price Using Science Stock 2,092.00 

Price Using Stock similar to Biological Abstract,i 2,107.50 

Ck)st of Printing 1,900 Copies, 400-pagc Index (PHYTOPATHOLOGY Stock): 

400 pp. 8 on 8 at $6.35 $2,540.00 

Covers and Covering ... 41.80 

Mailing at $10.00 M 19.00 


- $2,600.80 

Price Using Science Stock . , . 2,347.81 

Price Using Stock similar to Biological Abstni^pts .. 2,377.31 

I 

The Sixth Pacific Science Congress. The Sixth Pacific Science Congress was held 
at Berkeley, Stanford University, and San Francisco, California, July 24 to August 12, 
1939. For the first time in the history of these congresses, x>lant x>athology was repre¬ 
sented by a definite subsectional program (Section VI, Botany, Subsection VI-B, Ph^'to- 
pathology). 'fhe program was organized by E. G. Stakman, Chairman. The meetings 
were held at the University of California, Berkeley, on August 4 and 5. Th(i general 
topics were Virus Diseases of Plants, Variation in Plant Pathogens, Dissemination and 
Distribution of Plant I^atbogens, and Plant Diseases Caused by Nutrient Deficiencies. 
Among those who contributed to the programs and discussions were Eubanks Carsner, 
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G. O. Ocfoinia (tlBaversity of tho Philippines), T. K. Bawlins, .T. M. Wallace, C. W. 
Bennett, W. 0. Snyder, H. K. Hansen, J. H. Oraigie (Winnipeg), Josfi Vallega (Argen¬ 
tina), Hidenhumi Asnyama (Tokyo Imperial University), H. S. Fawcett, H. B. McLarty 
(Snmmerland, B. C,), Kenneth Smith and V. H. Blackman (Cambridge, England), and 

H. L. Lyon (Honolulu). A total of 43 were in attendance. 

At the close of the session on Virus Diseases of Plants, Eubanks Oarsner, Cliairman, 
tho following resolution directed to the International Committee on Virus Nomenclature 
M*as adopted: 

This Section favors the use in any system of plant-virus nomenclature of the Latin 
generic name of the host rather than the vernacular name, and the omission of the specidc 
name of the host. 

Import of the Bepreaentative on the International Union of Biological Sciences. 

Conditions in Europe have caused postponement of the scheduled 1940 meeting of the 
Union of Biological Sciences, which w»aa to have >>een held at Stockholm in July. At 
this date, no prediction can la* made as to when this meeting will take place. No y)ro- 
posals have been received by your representative the past year either from officers, com¬ 
mittees, or individuals of our Koci€‘ty. 

A. G. Nkaviiall 

Eeport of the Delegates of the Congress for Microbiology Held in Kew York, 
N. y., September 2 to 9, 1939. This was the first Congress for Microbiology in which 
phytopathologists and mycologists Avere given an opportunity to meet pathologists and 
mycologists specializing in diseases of animals and human l)eings. Section VI (Fungi 
and Fungous Diseases) was permitted to hold fiA*e full morning programs and three joint 
programs with other Sections. While many of the 112 paj>ers scheduled in these eight 
programs dealt with purely microbiological and physiological subjects, iievertlieless they 
w(»re all of fundamental importance to plant pathologists. Section Ill (Virus and Viral 
Disease's) scheduled 124 pa])ers, many <>f Avhich AA'ere of marked importance to phyto¬ 
pathologies. 

In the symposium on Host-Parasite Relationships, dealing with (1) Etiology and 
rathogenesis, (2) Tissue Beactions, and (31 Natural Besistanee Including Immunity, 
G. II. Croons, J. C. Walker, and E. C. Btakman discusst'd the topics as plant pathologists, 
wiiiU? Drs. Fred I). Weidnmn, 1). J. Davis and J. G. Hopkins discussed them from the 
standpoint of medical pathology. 

A. J. Riker cooperated with Michael Levine in organizing the ])rogram of 12 papers 
on the “Effects of Microorganisms and C-hemicals on Atypical Growth in Plants. 

A joint program Avas held Avith Section I (Vurmtioii and Taxonomy) on **Classifi¬ 
cation of Actinomycetes and Higher Fungi. 

Pr(»fesM)r 1j. R. Jones, as Dean of American Phytopathologists, aa'us elected one of 
the five honorary presidents of the Congress, the only one from 3ie United States. E. €. 
Btakmnn, L. Shear and A. H. Reginald Bnller wove elected Vice-Presidents of Section 
VI. G, M. Reed and Michael I^evine sevA'ed on the local committee of arrangements for 
Section VI and other members assisted. Sixteen hundred persons registered officially at 
the Congress. The i^roceedings will include the addresses given at the general sessions 
of the Congress, published in full, and abstracts of over six hundred papers presented on 
the programs. 

B. (). Uodg(* served on the Flxecutive (\mimittee of the Congress and as Convenor of 
Soctioii VI (Fungi and Fungous Diseases). He addressed a general session on *‘Some 
Problems in the Genetics of Fungi. 

The Fourth International (’ongress for Microbiology is scheduled to meet in Copen¬ 
hagen in 1942. It is recommended that the Society take an active part in the Congress. 

B. 0 . 1 > 03 X 3 E and Wm. H. Martin 

Beport of the Besoliitioxis Committee. 1. RESOLVED that The American Phyto- 
pathologieaJ Socitdy express its appreciation to tlw' A. A. A. S. committees responsible for 
the arrangements that have contributed so effectively to the success of the 1939 meeting 
in Columbus. 

2. REBOIjVED that The American Phytopathological Society convey to the manage¬ 
ment of the Neil House expression of gratitude for tho courteous and efficient service ex¬ 
tended to the members attending the thirty-first annual meeting. This resolution was 
enthusiastically adopted by a rising vote, 

3. RESOLVED that, on behalf of Hie American Phytopathological Society, we ex¬ 
press our appriH^iatioii to tho various local agencies and committees for their many cour¬ 
tesies and most efficient serAdees; to the Governor, the honorable John W. Bricker, for a 
delightful tea arranged for our guests; to The State Department of Visual Instruction 
and the Spencer Lens Company for supplying m Avith projection equipment; to the troop 
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of Boy Scouts of America for messenger service during the sessions j and to the Oity School 
Teachers of Columbus for their help in operating the projectors, 

4. BESOIiVEB that, on behalf of the members of our Society^ we eimress to our 
officers and committee members our deej) appreciation for their untiring efforts in fur¬ 
thering the best interests of our Society. 

5. BESOLVEP that, on behalf of the Society, we express to our committee on ar¬ 
rangements for the Columbus meeting, W. Q. Stover, chairman, A. L. Pierstorff, C. C, 
Allison, Harry Atwood, H. C. Young, and P. E. Tilford, and A, J. Biker and the sub¬ 
committee on exhibits, our gratitude for th^r very substantial contribution to the suc¬ 
cess of the meeting, and to the Deparment of Plant Pathology’ of the University of West 
Virginia, particularly Genevieve Clulo, Eldor Martin, William Dorrell, and Donald Hoff- 
master, for entertaining us so delightfully during the dinii(*r. 

6. RESOLVED that, on behalf of the Society, we express to Professor L. R. Jones 
our deep appreciation for his thoughtfulness and generosity in donating to the Society 

' five hundred separates of his memoir on the life of Dr. Erwin P. Smith. 

G. W. Kbitt 
M, W. Gardner 
G. H. Coons 

ACTION BY THE SOCIETY AT THE 1939 COLUMBUS MEETINO 

Elections and Appointments. The appointments made, as provided by the (Consti¬ 
tution, by the President or the Council since the previous meeting were approved by tlie 
Society in business session. The election committee opened and counted the ballots, and 
the results were announced to the Society. The names of those elected and appointed 
appear earlier in this report in the list of officers, representatives, and committees. Sixty- 
two applicants were elected to membership. 

The Society confirmed the Council’s appointment of the following new members to 
the Editorial Board of PHTTOPATITOLOGY; J. 8. Boyce, 0. W. Bennett, and R. V, 
White. 

Reports of Officers, Representatives, and Committees. The re]>orts for the year 
1939, as presented on previous pages, were read and accepted. 

Recommendation Regarding Abstracts. The 8oci(>ty confirmed the Council’s recom¬ 
mendation that the Secretary be allowed to copy the titles of all abstracts before they go 
to the Editorial Committee and make up the program from that material, so that the pro¬ 
gram may be in the mail early; and, that the Secretary be notified by the Editorial Com¬ 
mittee of any rejections of abstracts. (Pai^ers received after November 1 will be rejected.) 

Committee on Nomenclature and Classification of Plant Viruses. The Society 
confirmed the Council’s recommendation that the temporary committee on virus nomen¬ 
clature be made a standing committee. 

Committee on Publicity and Public Relations. Tlie Society confirmed the Council's 
recommendation that the temporary publicity committee be made a standing committee, 
Publicity and Public Relations. 

Committee on Regulatory Work and Foreign Plant Diseases. The Society con¬ 
firmed the Council’s recommendation that, since at the request of the chairman of the 
committee that all members of this committee in the United States be dropped, the Com¬ 
mittee on Regulatory Work and Foreign Plant Diseases be discharged. 

Committee on Research Monographs of the Association of Land-Grant Colleges 
and Universities. The Society confirmed the Council’s recommendation that the incom¬ 
ing President appoint a temporary committee to stAidy and make a report as soon as 
possible on the request of the committee on Research Monographs of the Association of 
Land-Grant Colleges and Universities. 

Committee on Terminology of Immunology and Use of Technical Words. The 

Society confirmed the Council’s recommendation that the (Committee on Terminology of 
Immunology and T'se of Technical Words continue to be temporary, and the report be 
printed in PHYTOPATHOLOGY in the Annual Report. 

Constitution and Standing Rules. The Society confirmed the Council’s recommen¬ 
dation of the publication of the Constitution and Standing Rules. 
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Cttmnlated Index of PHTTOPATHOLOQT. Upon recommendation of the Council, 
the Society voted to go on record as endorsing in principle the report of the committee, 
and instructing the President-elect to make any appointments or changes he deemed 
necessary for the committee to work out the details of the plan. 

Summer Meeting. The Society, cm Oouncil recommendation, voted to hold a sum¬ 
mer met?ting at Seattle, Washington, in connection with the A. A. A. S. summer meeting, 
June 17-22, 1940, and that arrangements be in charge of the Pacific Coast Division of 
the Society. 

The 1940 Annual Meeting. It was recommended by the Council, and voted by the 
Society, that the time of the annual meeting in 1940, at Philadelphia,, Pennsylvania, be 
from the morning of De<iember 27 (Friday) to December 31 (Tuesday), with the Sunday 
intervening to be used for informal conferences. 

Council Policy, The Council ex])reBsed the desire to state that it is at present the" 
policy of the Council, and they approve of the idea, of changing the appointments on 
committees often, thus putting them on a rotating basis. 

Council Becommendation, The Council reported that the Society has been helping 
the Central Bureau of Schiminclcultures by giving them advertising space in the journal. 
In order to help the Bureau financially, the Council urged meml;)er8 to buy cultures from 
this Bureau as they are needed. 
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IVAN CLAUDE JAGGER 
August 12, 1889~February 16, 1939 

Ivan Claude dagger was graduated from Cornell University in 1911 
with the degree of Bachelor of Science in Agriculture, and in 1913 
he was granted the degree of Master of Science by the University 
of Wisconsin. 

From 1911 to 1913, Mr. dagger was an Industrial Fellow, and 
1913-14, Instructor in Plant Pathology at Cornell University; from 
1914 to 1918 he was Assistant Professor of Plant Pathology in the 
College of Agriculture, Cornell University, and Instructor in Biology 
at the University of Rochester; from 1918 to the time of his death he 
was Pathologist, and in later years Senior Pathoh^gist, Bureau of 
Plant Industry, U. S. Department of Agriculture, exirept during 1926 
when he held a fellowship with tlie International Education Board. 

Mr. dagger achieved outstanding success along a number of lines, 
especially in breeding high-quality lettuce and melons resistant to 
mildews and certain other diseases. He possessed a most pleasing 
personality, combining thoughtfulness, congeniality, and genuineness. 
He had many friends and all regarded him most highly. 
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LAWSON MEliliILL HILL 
March 28, lf)09~May 6, 1939 

Lawson Merrill Hill was graduated from West Virginia University 
in 1935 with the degree of Bachelor of Science in Agriculture, and in 
1937 he was granted the degree of Master of Science by the same 
institution. 

From 1936 to the time of Jus death, he was research Assistant in the 
Department of Plant Pathology and Bacteriology of the West Virginia 
Agricultural Experiment Station. 

Mr. Hill was a student and investigator of much promise. He W'as 
especially interested in the microchemistry of pathological tissues. He 
was one of the most popular students in his university class and won 
high honors in many fields of activity. His friendly nature and 
pleasing sense of humor endeared him to all his associates. 
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ROLAND ELISHA STONE 
November 4, 1881-June 4, 1939 

Roland Elisha Stone was graduated from the University of 
Nebraska in 1906 with the degree of B.Sc. In 1908 he received his 
M.Se. from Alabama Polytechnic Institute and his Ph.D, was con¬ 
ferred by Cornell University in 1913. At Cornell University he was 
also elected a member of the Sigma Xi. 

Prom 1912 until 1917, Dr. Stone was Lecturer in Botany at the 
Ontario Agricultural College, Guelpli, Canada, and in 1917 he became 
Associate Professor of Botany, which position he held until his death. 
He spent twenty-seven years in the service of the Ontario Agricultural 
College. 

He was a sustaining life member of Tlie American Phytopathologi- 
cal Society, a member of the Canadian Phytopathological Society, tlie 
Botanical Society of America and a Fellow of the American Associ¬ 
ation for the Advancement of Science, 

Dr. Stone’s chief interests were in teaching, in which he excelled, 
and in research in the field of plant pathology and mycology. Among 
his many achievements were the selection of varieties of canning peas 
resistant to root rot and suitable to the Ontario Canning Industry, 
and his publications on the edible and poisonous mushrooms of 
Ontario. 

He was an enthusiastic botanist with high ideals, a keen sense of 
duty and the ability to inspire and direct students in their search for 
scientific knowledge. He had a quiet unobtrusive manner and a 
kindly personality combined with’ a dry sense of humour. These 
qualities endeared him to all who became well acquainted with him. 
His outstanding characteristic, however, was his spirit of loyalty to 
his profession, his College, his colleagues, and his friends. 
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BDWAKD JACOB PETRY 
June 24, 1880-^October 8. 1939 

Edward Jacob Petry was graduated from Ohio State University, 
with the degree of Bachelor of Science, in 1907. In 1914, he received 
the degree of Master of Science from Purdue University, and in 1925, 
the degree of Doctor of Philosophy from Michigan State College. 

Prom 1907 to 1910, he served as Assistant in Botany, Cornell Uni¬ 
versity; from 1911 to 1916, he was Instructor in Agronomy, and 1916 
to 1918, Assistant Professor of Agricultural Botany, Purdue Uni¬ 
versity; from 1918 to 1920, Instructor in Botany, University of 
Michigan; from 1920 to 1923, Professor of Botany, South Dakota 
State College; from 1923-1924, Consulting BotanivSt, South Dakota 
Experiment Station; 1924-1925, Survey Botanist, South Dakota Geo¬ 
logical and Biologi(*al Survey; from 1926 to 1929, Professor of Biology, 
Hendrix College; from 1929 to 1931, Professor of Biology, Central; 
College (Mo.); from 1931 to 1933, Professor of Botany and Associate 
in Physiology, Coe College; from 1933 to 1935, Consulting Biologist 
and Chemist, Cedar Rapids Water Works; 1936, Chemist, Consumers 
Co-operative Association, Kansas City, Mo.; 1937 to time of his death, 
Paint Chemist, Ebony Paint Co., Kansas City, Mo.; also, 1939 to 
time of his death, l^rofessor of Chemistry and Medical Technologist, 
Central College of Osteopathy, Kansas Cdty, Mo. 

Dr. Petry was a life member of The American Phytopathological 
Society and had been a member of a number of other scientific societies. 
He had a naturally inquiring mind and was always anxious to ferret 
out the unknown in any situation. He had a very friendly disposition, 
and aimed always to be helpful to those in distress and to practice the 
“Golden Rule.’’ 
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ERRATA, VOLUME 29 

Page 75, table 2, coluniu 1, read Feb. 10 for Feb. 11; column 4, read Feb. 11 
for Feb, 10. 

Page 92, line 12, read sedimented less rapidly for sedimented more rapidly. 

T) 1 

Page 658, line 12, read =2— for =—. 

® ’ ’ 1-p 1-p 

Page 908, line 8, last paragraph, read hood for blood. 


PRELIMINARY ANNOUNCEMENT 

The American Phytopathological Society will hold its summer meeting at 
the University of Washington, Seattle, Washington, June 19-22, in connec¬ 
tion with the regular meetings of the Pacific Division of the Society. 

The program will include a general meeting of horticulturists, entomol¬ 
ogists, and plant pathologists, a symposium on fruit tree virous diseases, an 
all-day field trip to the Western Washington Experiment Station at Puyal¬ 
lup, and three half-days for the presentation of papers. 

Plant pathologists who wish to present papers at this meeting should send 
their titles, prior to May 1, to L. D. Leach, Secretarj'-Treasurer, Pacific Divi¬ 
sion, Davis, California. 



CULTURAL AND GENETIC STUDIES ON USTILACRT ZEAE^ 

C. G. Schmitt 

(Accepted for publication January 5, 1940) 

INTRODUCTION 

These studies were initiated to determine the nature of inheritance of 
factors for characters in TJstilago zeae (Beckm.) Unger, and to arrive at a 
better understanding of the phenomenon of sectoring in culture. Inbreed¬ 
ing was undertaken to establish uniform lines with distinctive characters 
satisfactory for crossing and favorable for the study of induced mutation. 

TJsiilago zeae is a desirable species for use in the study of the genetics of 
fungi because its life cycle is relatively short (as many as 10 generations 
may be grown in a single year); it is a heterothallic species with distinct 
haploid characters; each chromatid can be sampled; and the fungus is 
widely distributed, available in quantity, and readily cultured. 

METHODS OF SlNr4LI>SI*ORE ISOLATION AND OF INBREEDING 

Monosporidial lines were established by isolating sporidia from promy- 
celia with a modified Chamber’s micro-manipulator. Dickinson (7) and 
iranna's (18) techniques were followed with the exc<q)tion that the sporidia 
were transferred immediately to agar slopes by means of a flat-tip transfer 
needle. Germination of chlamydospores occurred in from 12 to 24 hours on 
(yzapek’s agar at 25-80'^ C. At lower temperatures germination was de- 
Iay(»d aiul a typical promyeelium was not always formed. These findings 
confirm those of Huttig (16). The spores exhibited no period of dormancy. 
High germination was obtained from spores removinl from galls that were 
not. entirely dry. A discussiem of the literature on dormancy of spores of 
tliis .species lias been presented by Stakman (24). 

Tlie system of culture numbering employed by Christensen (4) was 
used. Inbreeding was practiced for 10 successive generations by introduc¬ 
ing by liypodi'rmic iie(‘dle all possible combinations of cultures of mono¬ 
sporidial lin(»s from the same promycelium in pairs into susceptible corn 
plants. T<‘n plants usually were inoeulated with each cross. Cultures of 
individual lines also were inoculated into plants to determine the extent of 
monoi)athogeuieity in the isolates. In preliminary tests, plants of all ages 
were iuoculateil. It was found that infection occurred when the sporidia 
were iu contact witli meristematic tissue, irrespective of the age of the 
plantvs. Plants in tlic greenhouse were inoculated w4ien a week old, and 
mature galls were harvested 3 to 4 weeks later. The greenhouse tempera¬ 
ture was held at 27-32 degrees C., because it was found that gall formation 
occurred within this range but did not occur below 21*^ C. Tisdale and 
Johnston (27) found that seedlings in the greenhouse were as susceptible 

A portion of a tbosis submitted to the Department of Botany, University of Mis¬ 
souri, in ))artial fulfilbneiit of the requirements for the degree of Doctor of Philosophy, 
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to uifection as were older plants. Tliey emphasized the necessity of taking 
cognizance of the relation of temperature to infection. Plants grown at low 
temperatures inoculated with compatible lines usually developed anthocy- 
anin at the point of inoculation. This phenomenon was not observed in 
plants inoculated with incompatible lines. 

MEDIA 

During the first 3 generations of inbreeding the following media were 
used for comparison of cultural characteristics: Modified C'zapek’s (MgS 04 , 
0.30 g.; KH 2 PO 4 , 1.25 g.; KCl, 0.50 g.; FeS 04 , 0.01 g.; Asparagine, 1.00 g.; 
NaNO.i, 0.50 g.; sucrose, 30.00 g.; agar, 15.00 g.; and distilled water to 1 
liter), malt-extract agar, Carter^ potato dextrose, Difco corn-meal agar, 
and a medium (referred to in this paper as used by Stakman et al, 

(25), which consisted of: sucrose, 3%; Ca(NO^) 2 , 0.005^ r ; and agar, 1,8%. 
Subsequent generations were grown upon Difco corn-meal agar. To com¬ 
pare the cultural characters of the first generation with those of any suc¬ 
ceeding generation, the lines to be compared were inoculated on a given dat(» 
into 125 ml. flasks containing 35 ml. of the sann* lot of medium. By follow¬ 
ing this procedure tin* fluctuations in characteristics of a line that might 
result from sliglit variations in the constitution of 2 separately prepan^d lots 
of a given medium were avoided. Cultures were tlnui incubated at 25-27'^ 
C. Stock cultures wer^? maintained on modified Czapek’s agar in 6 -iii(*h test 
tubes at 10-18*^ C. to prevent sectoring. 

EFFECT OF THE MEDIUM ON 

The effect of the medium on the rat(‘ of sectoring of this fungus has been 
studied in some detail by Stakman et al, (25). They found that the kind of 
medium used affected mutation rate. Table 1 summarizes tfie influence of 

TABLE 1.— Effect of the medium on rote of Hcvlorinp in IJfttilago :ieae, Twtnljf 
monosporidial lines were grown in difplicate on each medium, Eemilts were recorded 
following 3 weeks' incubation at ^6—^7^ C, 


Medium 

t 

! 

Number of sector 

Difco corn-meal agar 

i 

08 

Modified Czapek’s agar 

1 

79 

Malt-extract agar 

■ I 

90 

8 . .. . 


94 

Potato-dextrose agar 


106 

Carter’s medium 

! 

107 


the media on frequency of sectoring. On the basis of these results, modified 
Czapek’s was selected as a desirable medium for the maintenance of stock 
cultures, since the rate of sectoring on it was relatively low and the rate of 
growth good. Difco corn-meal agar was selected as the medium to detect 
mutation following irradiation because of its uniformity and the low rate of 
sectoring exhibited upon it. 

When a given line of this fungu-s is grown on a medium of one composi- 
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tion, it may exhibit an appearance at variance with that displayed when it 
is grown on another medium, but if transferred from the second medium 
back to the first the appearance of the colony will be identical with that 
originally shown on the first medium. No gradual change in type has been 
observed in any case. These observations are in conformity with those of 
Stakman et ah (25). 

effect of irradiation on sectoring 

That ultraviolet radiation is sometimes a means of inducing mutation in 
fungi has been demonstrated by a number of investigators. Stevens (26) 
reported ultraviolet radiation effective in inducing peritheeial formation in 
GlomcreAUi chigulaia (Stoneman) Spaulding and Schrenk and pycuidial 
formation in Coniothyrium sp. Greaney and Machacek (12) produced a 
white, fertile saltant of Helminihosporinm sativum P. K. and B. by ultra¬ 
violet treatment. Hollacnder and Emmons (15) and Emmons and Hollaen- 
der (10) produced variants in Trkhophyion menfagropliyies (Robin.) Sab. 
witli monochromatic ultraviolet radiation. The new type colonies of this 
fungus differed from tin* normal in form, color, growth rate, and spore pro¬ 
duction. The wave lengths most effective in killing, 2650 to 2537 A, also 
w(*Te most effective in production of variants. Dickson (8) found that mu¬ 
tations induced in Chnctomivm cochliodes by X-rays did not differ essen¬ 
tially in their characters from those induced by ultraviolet treatment. Seven 
otlier species of fungi did not respond to irradiation when subjected to the 
same treatment. lie induced saltants in both plus and minus strains of 
Phycomyc(s blakesleanus Burgeff by exposing them to X-rays. 

Tw(»nty-four-hour-old broth cultures of sporidia to be irradiated with 
ultraviolet or X-rays were s])read in a single layer on the surface of Czapek^s 
agar on double-width micro slides, according to Landen’s (19) method. 
Ultraviolet treatments were ajiplied to sporidia of the 5th inbred generation 
using the 2537 A line and dosages ranging from 2500 to 6800 ergs^ mm^. 
The results are summarized in table 2. 


TAULK 2 .—Vimpanmn of rate of sectoring in rolovirs from aporiUia irradiaied 
with uliravnolet light (^5^7 J) of varwim doisages* JRofulfs after 5 wcclcs^ incubation 
on Difeo corn meal agar 


Line 

75: 2 (ftporidial) 

75: 3a (mycelial) 

1 >OHage 


No. of 

Percentage 


No. of 

Percentage 

Total no. 

colonies 

of colonies 

No. of 

colonies 

of colonies 

erg8/mm2. 

eolonios 

with 

with 

colonies 

with 

with 



Hectors 

sectors 


sectors 

sectors 

0 

147 

107 

72.8 

334 


20.9 

2,600 

60 

52 

86.7 

63 


23.8 

4,000 

99 

71 

71.7 

50 

9 

18.0 

5,000 1 

245 

177 

72.2 

131 

54 . 

41.2 

6,000 

39 

23 

59.0 

83 

26 

' 

31.3 


Pi’oin 2 days to a week after treatment the colonies developing from 
these treated sporidia were transferred to 125 ml. culture flasks containing 
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Difco corn-meal agar. Although over 770 such colonies were observed for 
five weeks following transfer, the rate of sectoring in tlie colonies from 
treated sporidia was not in excess of that for the check. The mutation rate 
apparently was not affected by ultraviolet treatment. 

Monochromatic irradiation was applied^ to 5th inbred generation 
chlamydospores, using the 2650 A line and dosages ranging from 21,000 to 
56,000 ergs/mm^. There was a noticeable delay in germination of treated 
spores and the delay increased with the dosage applied. Those given 56,000 
ergs/mm*^. germinated 60 liours after transfer to media. The lethal effect 
also increased Muth the dosage. Over 40 sets of sporidia were removed from 
treated spores, but no indication of mutation induced by radiation was 
found in the colonies that developed from these sporidia. 

The highest X-ray dosage used was approximately 4500 r units. This 
was not sufficient to exhibit any lethal effect. Only 150 colonics from treated 
sporidia were observed, but there was no indication of mutation in them. 

Failure of irradiation to affect the mutation rate of this fungus strength¬ 
ens the conclusion drawn by others; e.g., Heldmaier (14), Matsuura (21), 
Leonian (20), and Christensen and Graham (5), that unstable species are 
not necessarily more unstable following irradiation. Borzini (3) treated 
spores of Ustilago zeae with ultraviolet after germination was initiated. The 
promycelia and sporidia produced were shorter and thick(»r than those of 
the checks. Other than this no apparent changes were produced. 

EFFECT OP TEMPEBATITRE ON SECTORING AND GROWTH 

Some workers hav(» been successful in producing mutations by applica¬ 
tions of heat to fungi. Barnes (1) found that exposures of the spores of 
Eurothim herbariorum (Wigg.) Link, for two minutes at temperatures of 
60-80° C. produced mutation. In a later work (2) similar results were 
obtained with Botrytis einerea, Dickson (8) applied heat treatments near 
the maximum to Chneiomhim cochliodes but noted no mutants as a result of 
the treatment. 

In an attempt to induce mutation by h(*at trc^atments near the thermal 
death point 12-hour old sporidial suspensions of a tenth-gemmation inbred 
line in malt extract broth were held at temperatures of 50, 55, 60, and 65° C. 
for 10 minutes. Poured plates were then made of the suspensions. The 
thermal death point was found to be somewhere between 55° and 60° C. 
Two days later individual colonies were removed from the 55° plates and 
transferred to agar slants. Although approximately 200 colonies develop¬ 
ing from these sporidia were observed on agar plates, only 16 were removed 
for more extended observation. There was no indication of induced 
mutation. 

The effects of temperature; on the rate of growth and sectoring are pre¬ 
sented in table 3. The fifth-inbred-generation lines used in this test were 
75:2, a sporidial line, and 75: 3a, a mycelial line. The results indicate that 

2 The writer is grateful for technical assistanee to PJ. W. Landen of the Department 
of Physics of the ITniversity of Missouri. 
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the rate of sectoring is not necessarily highest at the optimum-growth tem¬ 
perature. In general, it may he stated that mycelial lines grow more rapidly 
than do sporidial lines at temperatures near and below the optimum. 
Stakman ct al. (25) likewise found considerable variability between lines in 
their response to temperature. 

TABLE 3.— The effect of various temperatures upon the growth avd rate of sector¬ 
ing of inhred lines 75:3 and 7B:Sa of Vsiilago zeae, after 4 weelcs* of incuhation. 
Cultures grown in quadruplicate 


Temperature 

U, zeae 

75: 2 (sporidial) 

75: 3a (mycelial) 

No. of 
culture 

Average 
diameter 
of colony 

No. of 
sectors 1 

Average 
diameter 
of colony 

No. of 
sectors 

^C. 


mm. 


mm. 



1 

30 

0 

16 

0 

30 

i 2 

0 

0 ; 

17 

0 

' 3 

! 8 i 

0 

i 17 

0 


! 4 

8 1 

0 ' 

1 16 

0 


, 1 

33 

0 i 

* 35 

0 

15 

! 2 

3 

13 

12 

0 I 

0 

1 33 

1 

0 

0 


4 

32 

0 

33 

1 


3 

18 

1 

6 i 

1 42 

0 

20 

<> 

21 i 

5 

41 

0 

3 

1 18 

3 

1 42 

0 


; 4 1 

i '' 

7 

: 42 

0 


1 

1 

^ 21 

> 34 

43 

0 

25 

1 

i 2 

1 <>o 

1 

46 

0 


1 19 

1 30 

i 

0 

1 

4 1 

20 

1 32 

1 46 

0 


1 1 i 

i 

1 *>.■» 

3 

1 38 

2 

30 

1 li 

20 

! 5 i 

; 38 

3 


21 

' 2 ' 

t 37 

1 

i 

4 j 

; 

; 0 , 

37 

0 

i 

1 

20 

0 

' 15 1 

0 

34 

2 ' 

19 i 

i 0 j 

> 9 j 

1 

3 i 

39 

0 

1 13 

0 


4 ’ 

1 19 

! 

9 ' 

0 


1 

0 

0 

0 

0 

•IT 

2 

’ 0 

0 

i 0 

0 

u i .0 

3 

0 

0 

0 

0 


4 

» 0 

0 

‘ 0 

0 


EFFECT OF INBREEDING ON SECTORING 

To compare the rate of sectoring of liin^s of tlie fungus that had been 
inbred to various generations, quadruplicate culture's of a number of lines 
were set up on corn-meal agar at a temperature of 25-28° C. (Table 4). 
Inbreeding failed to increase the stability of this stock of Ustilago zeae* There 
was a clear cut difference between the rate of sectoring of sporidial and 
mycelial lines but in each type the rate of sectoring appeared to be constant 
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TABLE 4.— The effect of inbreeding on the rate of sectoring in TJstilago seae after 
o weelcs* incubation at ks to ^8 degrees 0. 


Sporidial lines Mycelial lines 


No. of 
8j)ore 

No. of 
gen. 
inbred 

No. of 
sporidium 

No. of 
sectors 

No. of 
spore 

No. of 
gen. 
inbred 

No. of 
sporidium 

No. of 
sectors 

500 

0 

1 

15 

500 

0 

2a.4 

6 



2 

18 

700 

0 

4e.l 

5 



3 

24 



1.1 

7 



4 

29 



3e.4 

3 

700 

0 

4C.3 

20 

503 

1 

1.2 

4 

503 

1 

1 

21 

707 

1 

1.1 


707 

1 

4 

17 



2.1 




1 

26 



3.1 

! 5 



2 

11 

510 ' 

o 

2.1 


510 

o 

1 

19 

716 

2 

1.1 

! 4 

716 

2 

1 

20 



2.2 

1 7 

512 

3 

1 

25 
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ATTEMPTS TO INDUCE ClILAMYDOSPOKK FORMATION IN VITRO 

With a view to avoiding the necessity of inoculating the host plant, an 
effort was made to induce chlamydospore formation in pure cultun^. Some 
investigators have reported clilamydospores by some spt»cies of tlie Ustilag- 
inales in vitro. Kniep (18), who obtaine<l clilamydospores of Vrocystia 
anemovcH (Pers.) Kniep non Winter, w^as the first to obtain the c*omplete 
life cycle of one of the smuts in vitro. Chlamydospore production in one 
or more of the species of Ustilago has been reported by Fleroff (11), Sartoris 
(23) and Wang (28). Various compounds were added to a modified Cza- 
pek's agar and the media were inoculated with compatible lines. A number 
of concentrations of 3-indole-3-acetie acid, indole-3-propionic acid, vitamin 
Bi, vitamin C, panthothenic acid, and nicotinic acid were used. Extracts of 
host plants, sterilized by steam under pressure and by filtration, were added 
to agar. Shredded plant material also was mixed with agar. Compatible 
lines growing adjacent to each other were irradiated with ultraviohd. light, 
using the 2537 A line and a dosage of 4000 ergs/mm^ None of the methods 
tried was successful. Failure to obtain typical chlamydospon^s of U. zeae 
in pure culture by the methods employed in this study does not preclude the 
IDOSsibility of their formation. It is possible that some labile substance is 
present in the host that induces chlamydospore formation. 
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INHEKITANCE OF FACTORS 

a. Growth Type 

Sporidial and mycelial types of growth have been described by Kern- 
kamp (17) and by Stakman eA ah (25). Isolations were made from 4 field 
collections of galls and in every case the isolates were sporidial in type of 
growth. The mycelial types studied in this investigation arose as mutations 
from^poridial-type colonies. They remained mycelial in type through suc¬ 
cessive subcultures. Examinations of microscopic mounts from colonies of 
mycelial type revealed a few sporidia among the liyphal segments. Al¬ 
though sporidia predominated in the sporodial-type colonies, a few short 
hypliae were found. Single hyphal segments isolated from sporidial-type 
colonies yielded colonies of that type. Likewise, single sporidia from myce- 
Hal-type colonies in turn yielded myeelial-type colonies. Crosses between 
monosporidial lines of sporidial type and mycelial type gave a preponder¬ 
ance of 1:1 segregations, but 3:1 and 1: 3 ratios for both types were pres¬ 
ent. Crosses between mycelial lines always yielded mycelial types and spo- 
ridial-linc crosses yielded only sporidial types. Nine complete sets of spo¬ 
ridia were isolated from a chlamydospore formed by crossing third-genera¬ 
tion mycelial and sporidial types. Each of tlie sporidia from cells 1 and 2 
gave rise to mycelial-type colonies; those from cells 3 and 4 produced 
sporidial-type colonies. 

Sporidial-type colonies fre<iuently formed sectors of mycelial type, but 
inycelial-ty})e colonies never were observed to form sporidial-type sectors. 
They did, however, form other mycelial-type sectors. 

A comparison of the rate of sectoring of colonies of the 2 types of the oth 
inbi't'd generation was made. Of 570 colonies of sporidial type allowed to 
grow for 5 weeks (>n corn-meal agar at 25-27° C., 430, or 75.4 per cent, 
forratnl sectors. Of 451 colonies of mycelial type, 132, or 29.3 per cent, 
formed sectors. From these results it appears that tlie myeelial-type colony 
is approximately 3 times as stable as the sporidial type. 

b. Sex 

In the first 3 inbred generations bipolar sexuality existed, but in the 4th 
generation this was disturbed. Three of the 4 monosporidial lines fi*om one 
spore were nionopathogenic. The monopathogenicity of one of these lines 
was verified by making 3 single-spore isolations from the culture and 
through introducing these into plants. These inoculations produced galls, 
but sporidia isolated from the spores in these galls were not monopathogenie. 
Out of some 4,0()0 monosporidial lines only the 3 above-mentioned lines were 
monopathogenie, Christensen (4) and Eddins (9) found a higher percentage 
of such lines in their material. 

c. Color 

An apparently uniform mycelial cream-colored (22) line was obtained 
in the 5th inbred generation from a cross between two similar mycelial 



388 


Phytopathology 


[VoL. 30 


sectors. The 6th generation appeared uniform and identical with the 5th 
generation parents. The 7th generation, however, segregated beige and 
cream color. The sudden appearance of the beige color was perhaps due to 
the segregation of a modifier for color. Each of these types was established 
as a uniform line in the 8th generation. The beige-color line was inbred to 
the tenth generation. 

SEGREGATION 

Segregation of factors for sex, color, and type of growth occurred in 
either Division I or in II as determined by seriation of the promycelial cells. 
For each of these characters 1:1, 3:1, and 1: 3 ratios were found and a 4:0 
segregation was found in one case for sex. The 3:1 and 1: 3 ratios may be 
due to delayed segregation, as has been shown by Dickinson (6) for Ustilago 
avenue and U. levis. To make certain of this at least three successive sets of 
sporidia should have been isolated from the spores in question. 

MUTATION 

The sectors and ‘‘patch mutants,’’ which appear from time to tinu* on 
colonies grown upon most laboratory media at ordinaiy temperatures, are 
regarded as mutations. Their uniformity in successive subcultures and the 
fact that they can be recovered intact following crosstjs indicate that they 
have a genetic basis. The writer agrees with Btakman et ai (25) that the 
so-called “losses” of virulence often reported in the literature are due to 
mutation. In the course of this investigation no gradual changes in char¬ 
acteristics were ever observed. The fact that sectors in turn gave rise to 
other sectors renders delayed segregation unlikely as an explanation for the 
phenomenon of sectoring. 

SUMMARY 

Spores germinated in from 12 to 24 hours on Czapek’s agar at 25-30^^ C. 
At lower temperatures germination was delayed and atyTpical. Spores sub¬ 
jected to monochromatic \iltraviolet irradiation exhibited delayer 1 g<*rmina- 
tion. The lag period increased with increases in dosages. 

Chlamydospores exhibited a high percentage of germination immediately 
after collection, even though the galls were not always entirely dry. No 
indication of a “rest period” was ever found. 

Plants of all ages were found’ susceptible to Ustilago zeae so long as 
meristematic tissue was present and the temperature was favorable to infec¬ 
tion. 

At temperatures below 21® C. no infection of the host was obtained with 
compatible lines in the greenhouse. There was, however, anthoKiyaniii for¬ 
mation. At temperatures above 27® C. high infection was obtained. 

The medium was found to exert a pronounced effect upon the appearance 
of colonies and mutation rate. Cultures on Difeo corn-meal agar gave rise 
to fewer mutations than did those on more nutritive media. Czapek’s agar 
was used to maintain stock cultures. 

The measures employed to prevent mutation in stock cultures included 
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iucubating them at temperatures below 18° C. on a medium low in available 
nutrients with frequent transfers to fresh lots of media. 

Mutations were not induced by ultra-violet irradiation, by X-rays, or 
by brief exposure of sporidia to temperatures near the thermal death point. 

Increases of incubation temperature within limits increased the fre¬ 
quency of mutation. Below 20° C. few, if any, mutations were found. 
Thirty-seven and a half degrees C. was found to be above the maximum for 
the lines studied. 

The frequency of mutation was not aflEected by inbreeding for ten gen¬ 
erations. 

A number of unsuccessful attempts to induce chlamydospore formation 
of J7. zcao in pure culture were made. 

Stocks exhibiting the cliaracteristic mycelial type of growth, sporidial 
type of growth, and beige and cream color were established. The sporidial 
and mycelial types of growdh were established in the parental generation and 
inbr(‘d as far as the seventh and tenth generations respectively. Beige and 
cream colored lint's were established in the eighth inbred generation and the 
former was inbred to the tenth generation. 

The mutation rate of sporidial lines was approximately three times that 
of mycelial lines. 

Segn'gation of factors for color, for sex, and for type of growdh occurred 
in both I and II of the reduction divisions. 

Three monosporidial lines out of some 4,000 were monopathogenic. 
Spores from galls produced as a result of inoculation wdth one of these lines 
did not give rise to monopathogenic lines. 

Department op Botany, 

UNIVEItSITY OF Missoimi, 

(^miTMBiA, Mo. 
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ONION EELWORM ROT OR BLOAT CAU>SED BY THE STEM OR 
BULB NEMATODE, DITYLBNCHUS DIPSACI 

A , G . N E W H A L L AND B . (r . CHITWOOD 
(Accepted for publication January 25, 1940) 

REVIEW OF LITERATURE 

^‘Eel-disease,’’ “Kroefziekte,” or onion “bloat,” has been known in 
Europe since its first observance by Kiihn (10), whence it may have come 
to America. Kiihn named the causal organism Tylcnchus putrefaciens, 
Beijeriuck (1) called it Tylcnchus allii, but Ritzema Bos (16,17,18) showed 
it to be the same species as that described from teasel (Dipsacus) y narcissus, 
hyacinth, and rye. He succeeded in transferring the strain from onion to 
rye and from hyacinth and rye to onion. Ramsbottom (15) and others 
have transferred the narcissus strain to onion, and Walton (22) reported 
mass transfers of the onion strain to parsnip. He also found (23) the dis¬ 
ease could persist in soil 4 to 5 years. 
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Prom the descriptions of the disease given by Chatin (3) in an early 
thesis in Paris, by Beijerinek (1) and by Ritzema Bos (18), it is known 
that the nematode may infect the bulb, the stem, leaves, flowers, and occa¬ 
sionally even a small percentage of the seeds, although diseased plants are 
said to go to seed rarely. Besides onion, Goodey (8) now lists shallot, leek, 
garlic, chives, and wild onion (A. vineale) as susceptible. 

HISTORY OF THE DISEASE IN THE UNITED STATES 

Although recorded by Bessey (2) as occurring on rye as early as 1907, 
and by Smith (19) as affecting red clover in the northwestern States 20 
years ago, the first authenticated record of Ditylenchus dipsaci (Kuhn) 
Pilijijev on growing onions in this country according to Steiner (20) was 
an infestation that broke out in 1929 or 1930 on the muck farm of James 
Dcllaquila near Canastota in Madison County, New York. To be sure, it 
liad been found before that on ships^ stores and is listed by McKay (12) not 
only as a serious pest on strawberry and clover in Oregon but also as occur^ 
ring on onions somewhere in the United States. Godfrey and Scott (7) 
found it on garlic in California and recorded that this strain could attack 
salsify, parsley, and even celery. This brought the number of cultivated 
food plants known to be susceptible in America well above 30 out of some 
195 hosts recently listed by Steiner and Buhrer (21). 

In view of the apparent virulence of the attack at Canastota, where a 
one-crop system of rniu'k farming is well entrenched, and of the devastation 
reported by Cobb (5) as occurring in New South Wales, where a similar 
situation existed, vigorous steps were taken to stamp out this infestation. 
This WHS done in 1931 by steaming about 15,000 square feet of muck with 
a pair of inverted pans ojierating on a 30-horse-power traction engine loaned 
by the Town of Canastota. Treatment was done between August 24 and 29, 
when the muck was in a favorable condition for quick penetration of the 
steam. Temperatures above 180"^ F. were obtained 6 inches below the sur¬ 
face after 20 minutes of steaming. The cost of this treatment, including 
construction of the two pans, labor, coal and piping (Pig. 1, A and B) 
was $230.00, borne by the Bureau of Plant Industry of the New York State 
Department of Agriculture. The work was supervised and reported by the 
senior Avriter (13). Lettuce and celery Avere grown on this field the follow¬ 
ing year as further precaution. Numerous subse(|uent surveys during the 
next 8 years eov^ering this and adjoining farms reA^ealed no further trace of 
the disease. Wliile it has not been reported recently on onion in other 
States, the reason simply may be due to no one having recognized it. 

In 1938 tliis disease AA^as again discovered on 3 farms a few miles distant 
from the Dellaquila field. The same appearance of poor stand, weak pros¬ 
trate foliage, suggesting lightning injury (Pig. 2), folloAAiid late in the 
season (August 20) by much rotting and splitting of bulbs (Pig. 3), was in 
evidence. All groAvers reported that the trouble had been of several years^ 
duration, worse some seasons than others, and definitely on the increase. 
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Fio. 1. Fidd views of eradication methods employed* A. Steaming at Oanastota 
with inverted pan. B. Two infested areas covering nearly 15,000 sq. ft. were steamed in 
6 days at a total cost of $230. C. Three smaller areas have been treated as shown here 
by injecting chloropicrin at close intervals. D. Pilling the injectors, showing method 
of handling chloropicrin in the held. 

One grower had given np trying to raise onions on about one‘fourth of an 
acre where the trouble was the worst. 

Again, the New York State Bureau of Plant Industry under the direction 



Pig. 2. Portion of a diseased area of Early Yellow Globe onions on muckland in 
Madison County, N, Y., taken August 13 (by B. L. Clement) showing thin stand, weak 
foliage, stunting and many dead outer loaves. 



















1940] 


Newhall and Chitwood: Onion Eelwokm Rot 


393 



Fig. 3. Bulbs with rot caused by nematodes and associated injuries. A. A plant 
H weeks after inoculating, through tip of one leaf, and showing new top growth after 
brief dormant period and small, ragged, mealy bulb heavily infested, x |. B. A bulb of 
Early Yellow Globe from field, showing typical FmaHnm dry-rot symptoms for comparison 
with C, X j. C. A typical Bi/ylcwohas-infected, half-growm bulb with outer scale peeled 
aside to show white, frost-likc mealinoss, B. A malformed split bulb commonly found 
in infested areas but not always infected. 

of A, B, Buchliolz undertook to stamp out the infested areas in these 3 fields. 
The difficulties incident to steaming seemed insurmountable with tfie avail¬ 
able funds, so sulphur was applied to some of the spots and chloropicrin to 
one of the largest. The sulphur was broadcast the first week of September 
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at rates between 1,200 and 3,000 pounds per aere and was then disced in. 
The chloropicrin was applied through the courtesy and by ap:ents of Innis, 
Speiden and Company, New York, at approximately 350 lb. i)er A. in rows 
and holes 15 in. apart, 8 in. deep, at 4 m. cm. per hole. 

Examinations made in July and ajrain in Aujrust, 1939, indicated that 
applications of sulphur at rates less than 2800 lb. per A., while helpful in 
reducing infections to a point where onions could perhaps be grown without 
too much loss, were still not adequate to bring about eradication, at least in 
one year, according to Chitwood et al, (4). On the other hand, where the 
disease seemed to have been wiped out by the heavier sulphur applications, 
the onions did not attain full market size. This probably w^as due to un¬ 
favorable pH, which was 4.72 outside and 3.78 inside some of the sulphured 
areas 10 months after application. The cliloropicrin-treated area grew an 
excellent crop of onions apparently free from nematode injury, conditions 
having been very favorable with respect to soil moisture and temperature 
at the time of application. 

A survey reported hy-Newhall ef aL (14) covering about 1,000 acres in 
the Canastota area, made in August, 1939, by tlie writers with the aid of 
R. L. Clement and 1. D. Smith, inspectors of the New York Bureau of Plant 
Industry, failed to reveal any other infested fields. Less extensive surveys, 
including 5 acres in tlie vicinity of Lansing, 125 acres at S. W. Oswego, 7 
acres near Pairhaven, 3 acres near Vi<*tory, and 125 a(*res m^ar Savannah, 
also uncovered no more infestations. But the junior writer and Mr. Clement 
each found a field between Pine Island and Florida in Orange County, New 
York, 140 miles (air line) from Canastota, in each of wliich approximately 
6,000 sq. ft. were heavily infested. There is reason to suspect the origin of 
one of these areas to be the same as DellaquilaV /.r., set onions originating 
outside of the State in 1929. 

The possibility of the outbreaks recorded here having come from such 
wild hosts as dandelion, teasel, or strawherry has been (considered. Godfrey 
(6) reported Ditylcnchus dipmei on dandelion in western New York and 
Ontario, C/anada, years before. But none could be found in the vicinity of 
the fields nor was infe(*tion secuired on dandelion with mass traiisfei's from 
onion in one trial by the junior writer. 

SY MPTO M ATOIiOG V 
On Seedlings 

Onion seed of tlie variety Ohio Globe was sown in steamed muclc to a 
portion of which was added a suspension of nemas from chopped, infected 
onions. The soil was kept moist with a mist s})ray. Emergenece of tlie seed¬ 
lings was considerably retarded (Fig. 4, C). Stands were i^educed from 69 
per cent in steamed but noninfested mu(*k down to 47 per (*ent in the infesti^d 
muck. Over half of the seedlings that did emerge were diseased. Many 
of the living seedlings were very pale and assumed thickened, arched, and 
abnormal shapes by the time they were J in. high. Some of these are shown 
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Fig. 4. HoodlingH of onions 10 days after sowing? in sterilized and reinoculated muck. 
A. Karly symptoms of hypertrophy, distortion, pallor, and cracking on six diseased seed¬ 
lings compared with 2 normal ones on rights all natural size. B. One of six diseased 
seedlings, x 5; note puffy, lace-like cracked and twisted condition of entire cotyledon above 
the stem plate. C. Inoculated bed in foreground wliere the stand is but 40% of the check 
and over 50% of the seedlings showing above-ground are diseased. A mist-spray nozzle 
seen in the center of each bed was used to keep soil moist. 

in figure 4, A and B, all in the cotyledon stage. Enlargements somewhat 
suggestive of those caused by smut, Urocystis cepulae Frost, were pro¬ 
nounced, but these are readily distinguished by their color. Splitting of 
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the epidermis often followed the enlargement. Many seedlings died during 
the first 3 weeks after solving, and the survivors sometimes died later. This 
agrees with growlers’ observations of the progresKi^'e failure of the crop on 
infested soil. Living nemas could easily be found in the swollen tissues of 
the seedlings above the stem or root plate but not below it (Pig. 4. B). Over 
50 were found in one such seedling 3 weeks after sowdng, before the first true 
leaf emerged. 

On Older Plants 

When onion sets were planted on artificially infested muck in the green¬ 
house, the first symptoms were observed after 3 weeks and included stunting, 
[ight-yellow spotting of the foliage (decolorization), swellings, and open 
lesions, all of which come under the general heading of ^‘spikkles’’ or eel- 
worm spots, as that term is apj)lied by Dutch bulb growers. At this time 
nemas could be found in leaves and young bulbs, though the latter showed 
no visible symptoms. 

The first field symptoms the writers have seen on onions gi*own from sets 
were observed in July as slight stunting coupled with a fla(*cid condition of 
many outer leaves. A necrosis or die-back of outer leaf tips and a general 
weakened condition of the older leaves that prevented them from growing 
erect w^as very noticeable (Fig. 2). Within the leaf tissue of diseased ])lanTs 
and, particularly tlie outer layers of stem tissue, the nema has been found in 
abundance under the microscope. ‘‘Spikkle^^ symptoms were not seen in 
the field in 1938 or 1939. Godfrey and Scott (7) found that, on garlic, 
these symptoms also are lacking. 

As the bulb swells to IjaJf iis final size in July and August, the nemas 
seem to migrate down from tlie leaves to the outer scales of the bulbs, where 
their activity results in a more or less pronounced softening of the paren¬ 
chyma. At this time a little oblique pressure with the thumb on the upper 
half of the bulb may result in loosening the outer scale and revealing the 
soft mealy tissue beneath (Fig. 3, C). This lace-like mealiness looks like 
thick frost. It becomes more pronounced in the normal course of events 
as the season progresses and more nematodes develop in the tissues of the 
rapidly growing bulb. Perhaps ten times as many bulbs showing these 
symptoms were found in August as in July in the same field jdots. 

Under the microscope this mealy character is seen to be due to the dis- 
ap])earance of much of the middle lamella in the parenchyma of the bulb 
scales, leaving the cells in a loose granular pack. The nematodes wander 
about mostly between Ibe cells, but they have been found within them. 

Secondary Invaders May Alter Typical Symptoms 

Not infrequently examination of suspected bulbs and diagnosis of Dity- 
Jcnchus dipsaci infection is rendered difficult by the presence of so many 
other invaders. The commonest nematodes found have been Rhabdiiis spp., 
ApkeXcnchus avemc Bastian, species of Pristionchiifi, Pariagrolaimtis sub- 
elongatus (Cobb) Thorne, ixwA AphcUnvhoidcs parietinus (Bastian) Steiner. 
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Of these, Aphelenchun and AphelcMchoidcs are the most diflScult to distin- 
finish from Ditytenchus, Mites (Bhizoglyphvs hyacinthi Boisdnval) and 
lars^ae of thrips {Thrips to bad Lindemaii) and several maggots may also 
follow so closely on the heels of Ditylenchuft as to greatly alter the true 
picture of a white, mealy, frosty or lacy, dry, non-odorous rot. The pi’esence 
of these secondary organisms, accompanied as they usually are by many 
bacteria, results in a moist, malodorous condition and renders the bulb a less 
congenial place for Dityirnrhus, which is not a scavenger but an active 
parasite on living tissue. 

Infection Experiments 

Dry, cured onion bulbs have been artificially infected by the authors 
with mass transfers of Ditylench ks dipmd from onions and from narcissus. 
The easiest way to keep this nematode in culture in the laboratory has been 
by such transfers, the bulb being stored in a <iool basement, moisture kept 
in by wax-])aper wrap. After thirty daj’S, the disease may progress to the 
base of the bulb and occasionally involve every scale. 

When a sns])enNi()n of nemas in a drop of water was placed on 12 sound, 
uninjured Early (llobc bulbs, from which the outer broAvn scales had been 
removed, and tlu‘ onions kept in a moist chamber at room temperature for a 
mouth, no signs of infection were observed. But when the skin was pre¬ 
viously broken, infection couhl be detected in two weeks as a soft swelling 
for half an inch about the point of injury. Laidlow and Price (11) reported 
that onions transjilaiitcd from sterilized to infested soil were not liable to 
attack unless the bulb is injured in the process or, subse(pjently, by other 
ageneies. 

Red W(‘atliersfietd onions growing in the greenhouse were readily in¬ 
fected July 20 by injuring tlie tips of leaves and inje*cting a few drops of a 
water susjiensioii of Difylcnchas (l}psaci. The resulting bulbs from these 
plants wore small and heavily infected at harvest time 8 weeks later. One 
plant, whicli had s])Iit to form 3 bulbs, produced 2 normal, healthy ones 
and 1 rotten bulb of e(iual size. The nemas had not i>assed from diseased 
to healthy bulbs, even though all were attached at the base. 

Dui'ing storage, activity of the nemas eontiuues and bulbs become lighter 
ill weiglit, somewliat puffy, and more yielding to pressure of the fingers. 
As deeper layei*s of tlie oiiioji become invaded the bulb may swell enough 
to suggest the term “bloat,” which is really only ajiplieable to some bulbs 
in this storage condition. Secondary rots may obscure this symptom. 

DISCUSSION 

Control of tliis disease in a region where onions are grown almost con¬ 
tinuously is difficult without equipment for steaming between crops. Such 
equipment is not always readily available. Chemicals have been resorted 
to in tlie past 2 seasons, but it is too early to give a clear and authoritative 
evaluation of them. As already mentioned, the indications are that on muck 
underlain with marl, but having a pH close to 5.0, 1.5 tons of sulphur 



398 


Phytopatholckjy 


|V0L. 30 


thorouj^hly disced into the top 6 inches may eradicate the nema. But such 
heavy applications are likely to reduce the yield of the first crop of set onions 
considerably. Applications of less than 1 ton failed to eradicate in 3 field 
trials. Chloropieriii, in one field trial at 350 pounds per acre, applied just 
before a heavy shower, seemed to give complete control, with no crop injury, 
but is expensive for large-scale eradication. Further tests with these mate¬ 
rials were made in 1939 in several fields in Madison and Orange counties 
(Fig, 1, C, D) and will be reported on later. 

Three greenhouse attempts to prove tlie existence of migrant Ditylenchus 
dipsaci in muck from infested areas by growing a crop of several thousand 
onion seedlings have all failed. In these eases all onion bulbs that might 
have harbored the nema were screened out. When infected bulbs pre¬ 
viously chopped were mixed witli the soil, the resulting infections were 
numerous (Fig. 4). It must be admitted the soil used in these tests liad 
lain in the field during several weeks of unprecedented, dry, warm weather 
and had become almost powdery-dry. While not denying the possible i)er- 
sistence of nemas living free in the soil, the writers are inclined to stress 
diseased bulbs as of far greater importance in the overwintering of this 
nema. Laidlow and Price (11) reported its survival after 2 years in dried 
onion plants and after 6 months in dry soil 

In view of the fact that the strain of Difyloichus dipsaci attacking onions 
has been transferred to rye and the one from rye to onions, there is a ques¬ 
tion about the wisdom of using either this cereal or oats as a cover crop on 
infested muck. Since the strain atta(*king hyacinth and narcissus has been 
transferred to onions, these crops should be kept a safe distance from soil 
intended for onions, especially since the disease is known to 0 (»cur rather 
commonly on these ornamentals. 

The safest crops to use in rotation with onions on infest(‘d muckland 
where maximum returns must be secured would seem to include carrots, let¬ 
tuce, spinach and beets, [hifortunately. (*elcry and potatoes are listed among 
the susceptible vegetables. 

The length of the rotation that may be needed to completely starve out 
this pathogen from muckland is the subject of experiments now under waj^ 
but some indication may be alforded by the work of others concerned with 
upland infestations. In England, TIodsoii and Beaumont (9) have obtained 
evidence that 3 years is long enough, provided no suscei)tible weeds are 
present, such as ribwort plantain, but Walton (23) slates that it may persist 
for 4 or 5 years. Godfrey and Scott (7) report a case in California in which 
6 years of continuous lettuce culture apparently starved out the strain 
attacking garlic. 

The results from rotation and fallowing probabl}^ depend largely upon 
the soil moisture and flora. With sufficient moisture the nemas are active, 
seeking new hosts in consequence of which they use up the foods stored 
within. Ooodey (8) reported laboratory experiments indicating the starva- 
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tion of tliis species in moist soil after 12 to 18 months, and the junior writer 
lias noted starvation on agar plates after shorter periods. 

It is of more than passing interest that the pest is known to occur in 
California on garlic and has been found to pass over fi*om this crop to salsify, 
parsley, and even to celery. Godfrey (6) show^ed that the strain attacking 
false dandelion {Uypochaeris radicata) is carried within the seed, while 
he also found evidence indicating that this strain was introduced into the 
country when that weed was probably brought to our shores many years ago 
in soil used as ballast by lumber boats. Other cases of seed-borne nemas of 
this species are w’ell-knowTi. In this connection, Ritzema Bos (18) reported 
obtaining as high as 3 per cent infection of seed from diseased onion plants. 
It is, therefore, important as a precaution against further dissemination of 
this disease that both sets and seeds be grown a good, safe distance from any 
infested iields. 


SUMMARY 

1. Records of outbreaks of Ditylenchys dipsaci occurring on growing 
onions in North America are confined to New’ York State, but the likelihood 
of these all tracing back to commercial sets sold in the State in 1929, but 
grown elsew’here, indicates that this disease may exist in other places. 

2. A descrijition of the disease as it affects onion seedlings and growing 
bulbs is given. On the former, a stunting, distortion, temporary decoloriza- 
tion and hypertrophy are characteristic. On the latter, a softening of outer 
scales aci'ompanied liy frost like, odorless, mealiness of the parenchyma tissue 
is fairly diagnostic. 

3. In the absence of rotation, the disease may reduce yields to almost 
nothing. 

4. It has been eradicated once by steam sterilization of one-third of an 
acre of muckland. 

5. The use of sulphur and of chloropicrin as more economical soil treat- 
juents liave showui some promise in preliminary tests. 
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EFFECTS OF SOIL TYPE, SOIL STEJRILIZATION, AND SOIL 
REACTION ON BUNT INFECTION AT DIFFERENT 
INCUBATION TEMPERATURES 

n . A . R 0 D E N H I S E R AND J . \V . T A Y L O K » 

(Accepted for publication January 15, 3940) 

INTRODUCTION 

It is known tliat the degree of infeetion of u suse(*ptible varit‘ty of wJieat 
with Tilleiia triiici (Bjerk.) 'Wint. and 1\ hvis Kuhn is depend(‘nt upon a 
number of environinental factors. Experiniental data indicate <*learly that 
soil type (3, 8, 9,13), soil temperature (3, 5, 7, 8, 9, 10, 14), and soil moisture 
(2, 3,7, 8, 9,14) are all involved and any one of these factors may limit infee¬ 
tion. Less is knowm of the effect of post-infection environmental factors. 
Paris (3) found no evidemi^e that the growlh of the liost, after the germination 
stages, had marked effect on the development of bunt in the winter varieties 
Dawson and O.A.C. No. 104. Smith (12), however, has shown that high 
temperature during this period limits the developnuTit of smut in Ifope wheat 
but not in Jenkiu. Variations in these environmental factors as they occur 
in different wheat gi’owing areas, affecting both the host and pathogen, 
undoubtedly account for differences in the resj:>onse of wheat varieties to any 
one race of T, triiici or T. levis (11). As part of a comprehensive study of 

iPatbologiflt and Agronomist, respectively, Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, U, S, Department of Agriculture. 
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this problem, tests were made at the Arlington Experiment Farm, Arlington, 
Virginia, involving the effect of soil type, soil sterilization, soil reaction, seed 
size, and different temperatures during the seedling growth stage. 

METHODS AND EXPERIMENTAL RESULTS 

Soil Type 

In studies on the effect of soil tj^pe as a factor influencing infection of 
wheat by TUletia iritici and 2\ Icvis, comparisons for the most part have been 
made between the effects of liglii sandy soils, presumably low in organic 
matter, and heavier soils higher in organic (‘ontent. Results obtained by 
Paris (3), Volk (13), Rabien (9), Leukel (8), and others indicate that the 
latter ly])es are moi*e favorable for bunt infection than are the former. In 
the present experiment, two productive soils were used. One obtained from 
University Farm, St. Paul, Minnesota, was mapped in the Ramsey County, 
Minnesota, soil survey (lf)14) as Hempstead silt loam. It was a surfa(*e soil 
of a dark silt loam high in organic matter with a pll value of 6.7. The 
se<*ond tyf)e was the surface soil of a Mendon loam obtained from the Experi¬ 
ment Station Farm at Logan, Utah. This was a grayish-brown, friable silt 
loam, free from harmful ac<‘uniulation of .salts or alkali, containing little or no 
free lime and Avith a pH value of 8.1. These soils Avere adjusted to approxi¬ 
mately 50 ])er (*ent of their moisture-holding capacity Avitli sterile distilled 
water and placed in galvanizcd-iron germination pans, 2 inches deep, 4 Avide 
and 8 long. Sc'cd lots of Marquis (C.I.^ 3641) and Thatcher (C.L 10003) 
Avheat Avere each separated into large and small seed by using a No. 8 Tyler 
sm'eeii (8 meshes to the inch). The kernels that did not ])ass through this 
sm'eeii an ere considei*ed large and those tliat did were considered small. These 
lots of large and small kernels Avere inoculated Avith ehlamydospores of T. 
Irris, race L-2 (11), at the j*ate of 0,5 grams of ehlamydospores to 100 grams 
of se(Hl. Three rcj)li(‘ations of 200 seeds each were planted at 1 inch depth in 
the soils, placed in incubation chambers at 5°, lO'^ and 15^ C., and left there 
until the seedlings emerged from the soil to a lieight of approximately 1 inch. 
The seedlings Avere then trans})lan1ed to greenhouse beds, Avliere all Avere 
subjected to the same post-infection environmental conditions until maturity. 
Thus, under the conditions of these experiments, differences in percentages 
of smut at maturity should be due to environmental influence's effective only 
(luring the incubation periods. The resulting data are giveji in table 1, and 
those giving the responses of the Marquis wheat grown from large seed are 
shoAvn grapliieally in figure 1. 

From the above data it, is ele'ar, as pointed out by ])revious wwkers, that 
soil type may influence the degree of infection of AA^lieat Avith TiUciia k vis. 
Apparently the diffeTOiices in effect that have been obs(‘rved betAveen the light 
sandy-type soils and those higher in organic matter hold also for 2 produedive 
soils used in these tests, both of which are high in organic matter.*^ The 

2 C.T. refers to acc(‘ssion number of the Division of Cereal Crops and Diseases, formerly 
Office of Cereal Investigations. 

3 Organic matter expressed iji percentage total nitrogen was found to be 0.264 for 
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NONSTERILIZED SOIL STERILIZED SOIL 


1. lVr<.‘(»iitagc8 of iiif<*ctioii in Marquis wheat, large seed, germinated in non- 
storilized and sterilized Mendon and HeunpHtead silt loams. 


present data iudieate, however, that the differences in effect in the 2 soils are 
continoent upon the temperatures ])revailing during the incubation period. 
At iiKMibation lenij)eratures of 10° and 15° (1, there were no marked differ- 
eiit^es in tlie effect of the 2 nousterilized soils on the degree of infection of 
Marquis wheat. At 5° C., liowever, there were marked differences. When 
the inoculated large seed was germinated in the Mendon loam there was 63.9 
per cent smut as compared with only 30.9 per cent in the Hempstead silt loam. 
In comparable t(?sts witli Thatcher, higher pei-centages of smut developed 
whei’c the inoculated large seed was gerniinaled in the former than in the 
latter soil at all 3 incubation temperatures. However, as with Marquis, the 
greatest differences were at 5° C., 72.5 per <‘ent developing in the Mendon 
loam as compared Avith 30.3 per cent in the Hempstead silt loam. 

In general, less vigorous wheat seedlings develop from small seed than 
from large. Since, in some years, only small and shrunken seed of a variety 
is available, size of seed was made another variable in these experiments. 
Jieald (4) and Holton and Heald (6) haA’e found that percentages of bunt 
infection juay vary, dei)ending upon the origin of the seed. In order not to 
introduce this variable, the lots of large and small seed used were of the 
same origin. 

Bayles (1) found a tendency for the seedlings from smaller seed of 
Marquis to be more susceptible to bunt than those from the large. In the 

the McikIoh loam and 0.196 for the lleiiii>stead silt loam. The writers wish to express 
their appreciation to Mr. 1\ li. Dawson of the Division of 8oil Fertility, B.IM,, for these 
analytical data. 
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results obtained by the writers with Marquis and Thatcher differences in per¬ 
centages of infection in the large and small seed were negligible with an 
incubation temperature of 10° C. On the other hand, at 5° C, and 15° C., 
there were slight, though consistently higher, percentages of bunt in the 
})lants from the small seed. The results in this experiment also emphasize the 
fact that any differences in the effect of the two soils were contingent upon 
temperatures prevailing during the incubation period. 

Soil Sterilization 

In certain wheat-growing areas, infection from soil-borne chlamydospores 
of TUletia spp. is common. It is, therefore, necessary to sterilize such soils for 
use ill controlled, greenhouse experiments involving pathogenicity tests with 
individual races. The question arises whether pathogenicity tests in steril¬ 
ized soils are comparable with those made in nonsterilized soils. The steriliza¬ 
tion was accomplished by subjecting portions of each soil before planting to 
steam at 15 lb. pressure for 4 hours on one day and 2 hours on tin' liext. 

Data on the response of the two varieties (Marquis and Thatcher) to 
TUletia levis, race L-2, when incubated in the sterilized and nonsterilized soils, 
are recorded in table 1, and the data on the response of Marquis are shown 
graphically in figure 1. 

With Mendon loam, steam sterilization effected a reduction in peiventages 
of infection in Marquis and to a somewhat more marked degree in Thatcher 
at each of the 3 incubation temi)eratures. With the Hempstead silt loam 
entirely different results were obtained. In this soil, steam sterilization 
effected marked increases in infection in both varieties when incubation tem¬ 
peratures were at 5° C., little or no effect at 10° C., and very marked reduction 
at 15° C. Thus, for example, for Marquis wlieat growji from large seed, the 
percentages of infection at 5° C. was only 30.9 per cent infection in the non¬ 
sterilized soil as compared with 94.6 in the sterilized soil. At 15° C., the 
reverse effect was obtained with 71.7 per cent infecdion in the nonsterilized 
soil and only 13.7 in the sterilized. It is also significant that in the sterilized 
Hempstead loam the optimum temperature for infection was shifted from 
10° C. to 5° C. 

A comparison in infection response also may be made betweim the Mendon 
and Hempsted soils when nonsterilized and sterilized. When the two soils 
were not sterilized, the differences in effect on bunt infection were pronounced 
only at 5° C., incubation temperature. At 5° C., higher x^ercentages of infec¬ 
tion developed in the Mendon and Ilenq^stead soils. However, When the 
soils were sterilized, the comparative effect of soil type is entirely different 
at both 5° and 15° C. At the former incubation temperature, higher per¬ 
centages of bunt developed in the Hempstead than in the Mendon soil. On 
the other hand, at 15° C., the reverse was true with higher percentages of 
infection in the Mendon than in the Hempstead. Unfortunately, there was 
not sufScient soil in the original shipment to repeat these exj)eriments in a 
second season. However, the similarity of results obtained with the two 
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varieties and with large and small seed of both varieties gives emphasis to the 
conclusions that are drawn from these tests made in a single year. 

Soil Reaction 

There are wide differences in the pH values of soils in the same and differ¬ 
ent sections of the country where bunt tests are being made and the question 
arises as to the extent to wliich soil reaction may affect infection by the bunt 
organisms. Available data are somewhat confusing. Rabien (9) reported 
that pll 5.0 represents the acid limit for germination in soil of chlamydospores 
of Tilletia iritici. Leiikel (8) obtained only 5.8 per cent smut in Purplestraw 
in soil with a reaction pH 5.6. However, there is evidence that in certain 
soil types approximately as high percentages of infection may be obtained 
under conditions of high acidity as of low. The writers obtained 73.5 per 
cent infection in Marquis wheat grown in an eroded Chester loam from 
Fairfax County, Virginia, with j)!! 4.8. Purthei'inore, when the pathogenic¬ 
ity of 9 physiologic races of T. levi^ was tested on the spring wlieat variety 
rika (C.I. 11478) at the Arlington Farm, and at Logan, Utah, in soil of 
pH values of 5.4 and 8.1, respectively, the lowest percentages of infection 
obtained with any of the 9 races were 85.5 at the former station and 91.9 at 
the lattei*. These differences are considered nonsignificant. 

Because of these apparent inconsistencies, tests were made under con¬ 
trolled greeidiouse conditions at Arlington Farm with different soil types and 
different incubation temperatures. Two soils were used. One, obtained 
near Annandale, Va., was mapped in the Fairfax County, Va., soil survey 
(1915) as Chester loam. The sample was an eroded type with a pH of 4.8. 
The second was a surface soil obtained from the Arlington Experiment Farm. 
It had a pH of 4.8 and was mapped in the same soil survey as Keyport silt 
loam. To each of these, different amounts of calcium carbonate were added 
to obtain a range of pH up to 8,1, as indicated in figure 2. All soil reactions 
were determined by means of a Beckman pH meter. After the addition of 
calcium carbonat<», the soils were adjusted with taj) water to 50 per cent of 
their moisture-holding capacity. Inoculated seed of Man^uis wheat was 
sown in the soil pans, as previously described, and incubated at temperatures 
of 5^, 10^, and 15® C. Tliere were 4 replications for each soil and temperature 
condition. When the seedlings emerged approximately an inch, 45 were 
selected at random from eacli pan and transplanted to greenhouse beds, the 
soil of which had a pH value of 5.8. Percentages of infection were obtained 
on the basis of culm counts. However, under the conditions of these experi¬ 
ments, there was little or no tillering; so, percentages of infection approxi¬ 
mate the plant counts. The data are recorded graphically in figure 2. 

In both Chester and Keyport soils the percentages of smut increased as the 
soil acidity decreased o\ er the approximate pH range of 4.8 to 7.0. In no 
case did an increase in the pH value above 7.39 produce any further increase 
in smut. The greatest increase in smut with decreasing soil acidity occurred 
in the eroded Chester loam between pH 4.8 and pH 5.29. These increases 
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SOIL REACTION fpH) 

Pig. 2. Effect of soil rcnctioii oii bunt inf(*ctj'on in Marquis wheat. 


occurred at all 3 incubation temperatures. At certain incubation tempera¬ 
tures, however, soil type is a more important factoi* than the pH value. Uni¬ 
formly higher percentages of bunt were obtained in the plants from seedlings 
grown in the eroded Chester loam than in the Keyport silt loam at each 
reaction tested when the incubation temperatures were 5° and 10® C. At 
5° C., the average bunt infection for all pH values in the Chester loam was 
76.7 as compared to 39.3 in the Key|>ort loam. At 10° C., the corresponding 
percentages were 82.6 and 50.5. When incubation temperatures were main¬ 
tained at 15° C., differences in the two soils were minimized at all pH values 
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except 4.8. It will be iioted tliat at pH 4.8 there was 34.7 per cent more smut 
in the Keyport loam than in the Chesler loam, which results arc opposite 
from those obtained at the 5*^ and 10° C. incubation temperatures. 

SXTAJMARY AND CONCLITSIONS 

Jt is apparent from results obtained tJiat bunt infection in a siiscep* 
tibJe wheat variety is affected by soil type, Pnrtht»rniore, the degree to 
which it is affected depends oji the soil temperature during the period in 
wljich infection may take pla<*e. For example, when both Marquis and 
Thatcher seedlings from large seeds were incubated at 10° and 15° C., 
there were no appreidable differences in the amount of infection in the 
Hempstead and Mendon loams. At 5° C., however, Marquis developed 33 
and Thatcher 42.2 per cent more smut in Mendon than in the Hempstead 
loam. Similar comdiisions may be drawn from an experiment in which a 
<*omi>arison was made between the effecd of the eroded (ffiester loam and 
Keyport (day loam. At 5"^ and f0° incubation temperatuivs, consistently 
higher percentages of bunt developed in the former than in the latter 
soil type. At 35°, however, these differem^es were less, excejff when the 
soils wei’e highly acid; tlien, 34.7 per cent more smut developed in the 
Key]>ort than in the Chester loam. Tims, soil type and temperature dur¬ 
ing tlie incubation period are closely interrelated in affecting the degree 
tt» which a variety may be infected. It has not been determined whether 
the results obtained are due to a modification of the resistance of the host 
jdant or to the direct effect on the pathogen. 

(leneral i/at ions may not be made as regards the efftvt of soil .steriliza¬ 
tion on bunt infection. Sterilization of the Mendon loam effected reduc¬ 
tions in bunt infection in Marquis and Thatcher grown from both large 
and small seed at all 3 incubation temperatures. Reductions were, in 
general, greater in Thatcher than in Marquis. AVith Hempstead loam, on 
the other hand, the effe(‘ts of soil sterilization were irregular. At the 5° 
incidiatioii tem]>ei-ature, instead of a reduction, as occurred in the Mendon 
soil, sterilization of the nem])stead soil effected an increase in infection 
from 30.9 per cent in the nonsterilized to 94.6 in the sterilized soil. On 
the other hand, at 15° incubation temperature, sterilization caused a reduc¬ 
tion in infection from 71.7 to 13.7 per cent. The effect of soil sterilization 
was, in general, less ])ronounced at the 10° incubation temperature. It 
may be concluded that pathogenicity tests made in steam-sterilized soils 
of the Hempstead and Mendon types are not comparable with those made 
in either of the two soils when not sterilized. 

The present exjieriments on the effect of soil reaction on bunt infection 
are not extensive enough to answer all of the qiie.stions of inconsistency 
in previous experiments. The data indicate, however, that change in pH 
may effect a change in the degree of bunt infection in Marquis wheat when 
germinated and incubated in either the Chester loam or the Keyport clay 
loam. In both types of soil with an initial pH of 4.8 there was, in general 
an increase in percentages of infection from the points of high acidity to 
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a point approaching neutrality, the most marked effect being in the change 
from pH 4.8 to approximately 5.5. Evidently the degree to which pH 
affects bunt infection varies with the soil type and incubation tempera¬ 
tures. For exanii)le, at 5® and 10° temperatures and at each reaction 
tested, higher percentages of bunt were obtained in the Chester loam than 
in the Keyport clay loam; and it is apparent that at these temperatures, 
soil type affects bunt infection to a greater degree than does change in 
pH. However, at the 15° incubation, differences due to soil type are less 
and the soil reaction becomes the more important factor, for at pH 4.8, 
34.7 per cent more smut developed in the Key}>ort than in the Chester 
loam. 

In these experiments there was a trend toward higher percentages of 
bunt infection when small seed was used in comparison with the large. 
The seed-size factor may, therefore, be considered a minor factor in effect¬ 
ing variability in response of a variety to bunt. Soil type and certain 
incubation temi)eratures were major factors, and the present experiments 
emphasize the importance of the interrelation of the two factors. Varia¬ 
tion in their interrelation may account for seasonal differences in response 
of a variety to a race of the smut fungus and for inconsistencies in the 
reaction of a variety to a race of bunt when tested at different places. 

It should be noted that in these experiments the effect of the environ¬ 
mental factors referred to has been studied with relation to a single race 
of TiUctia levis, namely, L~-2. 

Bureau op Plant Industry, 

TJ. S. Department of Agriculture, 

Washington, D. C. 
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ANTHRACNOSE AND CLADOHPORIUM STEM SPOT OF PEONY 

Freeman Weiss 
(A<*ceptod for piibUcation l)ee(»mber 4, 1939) 

The identity of the i)e<)ny stem spot, described as aiithraenose by Wlietzel 
(14) in 1915, has long remained obscure, and specimens have been rarely 
eolleeted or reported. In routine examinations of peony specimens througli 
a period of over 10 years, the writer has encountered wliat seems to be this 
disease but once, on material collected by J. B. Demaree at Willard, North 
Oarolina, August .‘10, 1938. Aiithraenose is not included among the peony 
diseases observed in yueb(*c by Ooulson (1), nor is it mentioned in the com- 
peiidiums of diseases of ornamental plants published by Tilford (12) for 
Ohio, and by White (15) and Pirone (9) for New Jersey. No reference to 
it is found in the books on diseases and pests of ornamental plants in Europe 
by Flachs (3) and Pape (8). Although Martin (5) suggested that a red 
s])<)tting or g(*n(‘ralized sti[)pling of stems, leaves, and flowers of Paeonia, 
from whi(*h he isiJated ChK^osponum pae<n\ine together with a budding 
fungus, was identical with WhetzePs peony aiithraenose, a comparison of 
tin* deseri])tions and illustraticms of the two diseas<*s sIkjws rather marked 
differences. The writer (13) suggested the name “measles” for the peony 
disease, characterized by numerous small red or purple spots on all aerial 
parts, to which Martin referred. (Gregory and Davis (4) described a leaf 
and stem spot of unknown cause affecting peonies in Indiana, which appears 
to be of the s^une type, although one cannot be certain from their illustration. 

The North Carolina sp(*cimen of anthracnose (consisting of stems only) 
bore immature acervuli or jiyenidia beneatli the epidermis in the ash-gray, 
depressed cent(*r of the l<*sions, in which small numbers of sub-hj’^aline or 
slightly gr<»enish, nonseptate spores of elliiitical fonu, measuring 4-6 x 
2-2.5 |j, w ere borne. Other parts of tiie stem, wdiere the entire epidermis had 
turned gray, bore dark-brow'u extruded masses of similar spores. The 
fungus was ])rovisioiially designated as a Lfpiothynum, but these specimens 
w’ere inad(*(piate for precise id(*ntification or for isolation of the pathogen. 
How'ever, the eorrespondenee with AVhetzePs description and figures w*as 
very close. 

SYMI^TOMS 

Red spot or “measles” 

Although anthracnose has been rarely <»bvserved, the red stem spot, or 
“measles” type of infection has oeeiirred widely though somewhat infre¬ 
quently. Strikingly conspicuous examples of this malady w^ere received by 
the writer from a eommereial peony grow’er of Onargo, Illinois, on June 1, 
1924.. Martin referred to its prevalence (in the vitunity of Washington, 
D. C.) in 1929. It occurred here coimuouly again in 1932. J. R. Kienholz 
reported this disease to the wu’iter from Oregon in 1932. and A. L. Pierstorff 
sent specimens from Ohio in 3934. In each instamre the plants were promi- 

m 
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Fig. 1. Spotting? of atoms, leaves, and flower of })eony caused by Claclosponum 
paeoninc, B~C. Lesions on peony leaves resulting from artificial iiuK*nlation with a 
budding fungus isolated from stem and leaf spots; the distinct center and zonate margin 
are characteristic; B, lower surface; C, upper. D-E. Lesions on peony loaves resulting 
from artificial inoculation with the conidial stage of Fesizella lyihri; I), lower surface, 
E, upper. 
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nently disfijifured by or before the period of full bloom. In June, 1938, a com* 
mercial jyrower of peonies at Concordville, Pennsylvania, submitted speci¬ 
mens of the variety Avalanche from a field which had been severely dam- 
ajred for flower cuttinj^ by this disease. 

Since the red stem spot appeared to be increasing in importance a study 
(d‘ it was begun to determine its cause and to clarify its relation, if any, to 
anthracnose. The discontinuance of this study before its completion makes 
advisable the publication of the results to date. 

Stems, h'af stalks, and blades, floral bracts and petals are susceptibh*. 
Sometimes there appears to be a gradient of infection diminisliing from 
lu^ar the ground level to the apical parts, or the upper leaves iuid flower 
stalk also may be densely spotted. The stem spots are definitely raised, 
(‘lliptical to elongate, iisnally discrete but sometimes confluent into streaks, 
typically about 2-4 mm. long and 1-2 mm. wide. They are very similar to 
the stem lesions caused by CUtdosporhim paeoniae Pass, as des(‘ribed In" 
Menli (b). The leaf sj)()ts are much smaller, some being mere flecks, less than 
1 mm. wide. They are most prominent on the dorsal surl*ace, but the larger 
spots are visibh' on the upper surface also. There is a predilection for tl)e 
v<‘inal tissue, and the .spots on the principal veins are larger and more elon¬ 
gate than tliose on tlie interveinal portions. The calyx-like floral bracts an* 
atta<‘ked similarly to th<* leav<*s, and the petals also may bear, sometimes 
very numerously, small reddish spots of the same pattern. The stem spots 
increase* in size but little after they first become visible, although in mature 
stems thei’e is a slow extension witli loss of the definite margin. Even on 
matun* stems they are (*s.sentially superficial, sometimes only out* or two cell 
layers under tlie e])idermis showing disorganizatitni and never the w’ood. 
Botli leaf and stem spots are typically a purplish or brownish red tlirough- 
out, usually without differentiation into a ligliter center and darker margin; 
althongli in age the center may become brown, black, or gray and is cracked 
ami depressed Tin* reddish color persists in the infected area, even in 
stems that liave died and turned brown. Ordinarily the infected stems, 
even when ht'avily spotted, remain alive until the natural end of the* growing 
period. 

Sections of tlie lesions made at an early stage of development show a 
rather sparse, predominantly intercellular mycelium present in small 
grouj>s of epidermal and hypodermal cells. The smallest lesion may involve 
no more than six to ten (*ells. The eontents of the invaded cells coagulate to 
a brown gummy mass, sometimes with deposition of a purple pigment, and 
the walls become thin, eroded, and incoherent. There is no association be¬ 
tween the lesions and the few stomata present on stems; the leaf stomata are 
hy])()phyllous and the lesions may or may not surroimd them; but, since 
many of the leaf lesions originate on the veins, infection is clearly not 
dep(*udent on stomatal penetration. In some sections tlie internal mycelium 
bore apieally enlarged branches suggestive of tin* elilamydospores or hyphal 
knots, and also of the aerial conidia, produced by Chulospovium in culture. 
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The intercellular hypliae were conspicuously intertwined* The surface of 
old lesions also may bear sparsely the characteristic mycelium and spores of 
CladosiporiunL Some of the stem lesions at an older stage become definitely 
rounded and protubc^raiit, as if in response to the formation of a fungus 
fruit body within; but, aside from the superficial growth of Cladosporiiim, 
and sometimes of Alternaria, they do not develop definite fruit bodies before 
winter. 

Etiology 

Examination of the infected planting at CoucordvilJe, in July, showed 
that not only the red spot was prevalent on stems and leaves but that there 
was a severe infection of leaf blotch {Cladosporimn paconinv), and also a 
small circular leaf spot liaving a light-brown center and a dark-brown, or 
purple, distinct margin. Some of the stems had turned a dark-brown from 
tlie ground line to the first or second leaf, but the red-spot lesions could still 
be distinguished in the general cortical necrosis. Salmon-pink sporodochia 
were found on some of the dead stems. 

Isolations made at this tim(‘ yielded CUidosporium pmoniae, C. her- 
harum, Alicrnaria, and a Gloeoaporium, that ai)])eared identical with a 
conidial culture of Glomerella cingulata Stonem., obtained from Buhus. 
Stems showing different stages of the disease were collected! in July and Ot*- 
tober for sto7*age under various conditions. Arrangements were made with 
the grower to carry out experiments on the importan(*e of infected stems as a 
source of the disease in a hitherto uninfested part (J the field, and on the 
effect of removal of stems at various times, from fall to late winter, on the 
recurrence of the disease in the infested part of tin* planting. 

Examination of the stored stems kept outdoors at this Station, or in a 
10° C. chamber, showed in late wirittT the developnumt of brown pycnidia 
bearing cylindrical or slightly curved, continuous, hyaline spon*s. Pin*e 
culttires were readily obtained, and the fungus was identified by J. A. St(»- 
venson and Edith Cash as Pezizella lyfhri (Desm.) Shear and Dodge, tln‘ 
P 3 "cnidial stage of which is Seleroti(^})sis vemeava (Desm.) Shear and Dodge. 
These colleagues also pointed out tliat *S. iestudinea Deariu^ss, originally de¬ 
scribed (2) on dead stems of ptMmy, miglit be the same fungus, as both con¬ 
cave and convex py(*nidia occurred on these sterns; the latter is therefore 
probably to be regarded as a synoinyn’ of S. voneava. It might be noted that 
further nomenclatorial changes applicable to this fungus have been pro¬ 
posed (7), viz., Diaeohainesia oenoihvntv (Cke. and Ell.) Najinf. for the 
ascigerous stage, and Hairtesia lythri (Desm.) v. Hbhn. and Pilidium eon- 
eavnni (Desm.) v. Hbhn. for the two conidial stages, but their discussion 
need not be entered ijito here. 

The same fuugtis also was found on dead p(M)ny stems in the Station plot, 
and on stems from the field at Concordville, which were collected periodically 
during the spring. Moreover this fungus was isolated by tissue cultures 
from the first lesions of red spot that appeared on stmns of the current year’s 
growth at Concordville, on May 1, 1939. Several collections of Sclerofiopm 
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on dead stems of peonies imported from Japan have been made by the 
United States plant quarantine stations at Seattle and San Francisco. 

Tests of Sclerofiojjsis coneava for pathogenicity to peony showed that it 
is definit(*ly parasitic. However, the characteristic lesions of red spot, espe¬ 
cially on stems, were not reproduced by artificial inoc\ilation. The degree 
of sneeulence appears to be an important factor in its pathogenicity. Inocu¬ 
lation, without wounding, of the youngest available but still fairly mature 
stems gave negative results. On petioles and blades of young leaves inocu¬ 
lated witli a spore suspension without wounding, a diffuse necrosis devel¬ 
oped, causing, under luoist-eharnber conditions, collapse of the stem and 
the production of large, light-brown, zojiate spots on tlie leaves. Sporo- 
dochia corresponding to Hainesia lyfhri were produced copiously on the leaf 
spots. The fungus was r<»adily reisolated from tissue plantings and from 
spor(‘s. SubseqiuMit tests on mature pcH)ny h*aves showed but slight patho¬ 
genicity, small (1-2 rum.) brown, somewhat angular spots being produced 
without the development of fruiting bo<lies. Comparison of these lesions 
with those previously iiuMitioned as associated with Cladosporium leaf spot 
in tin* fi(‘ld, suggests that i<clerofiopsis probably occurs as a natural parasite 
on peony leaves. A collection of peony leaf spot submitted to the writer 
fnun Suitland, Maryland, in 1934 appears to be of this type but lacks defi¬ 
nite fruiting bodies of the Hainesia or »Sclerotiopsis types; it differs dis¬ 
tinctly from Botrytis or CUadosporium leaf spots. The lesions produced by 
Scl€)'oti(q)sis on peony foliage are of a wood-brown to fuscous color on both 
surfa(*es as contrasted with the chestnut-brown below and taupe-brown to 
blackish-brown above of Cladosporium spot, and are further distinguished 
from Cladosporium spots by the production, at maturity, of tlie conidial 
stage IIain(.sia, or the pyenidial stage Sclerofiopsis. Although only a few 
inoculations at (*(uitrolled teinjieratures were made, iiifeetions occurred only 
in the range 14° to 22° and the lesions developed most rapidly at 18° to 
22° C. 

Th(‘ occurnuice of this fungus on some 50 difftu’eiit hosts has been re¬ 
ported by Shear and Dodge (11), who also showed by experimental inoeu- 
lations that it is })araKitic on leaves ami canes of various Ruhns spp,, on 
other woody jdants, as Rhus, Prunus and Salix, and on several herbaceous 
plants, especially of the Ouagraceae. Its association with weeds, therefore, 
b(*comes a matter of importance in its control in peony plantings. 

Besides pycnidia of Srlerotiopsis, the overwintered stems bore very 
numerous minute black, superficial or subcuticular wsclerotium-like bodies of 
a ditfereut fungus, associated with which there were many rod-shape, hya¬ 
line, uonseptate spores averaging 4-fix 1-3.5 g. There was also a thin dis¬ 
persion of inyeelinm and conidia of Cladosporium, cultures of which resem¬ 
bled (\ herhnrum more tliau C, paeoniae. 

When stems bearing only the pj^cuidia of Scleroiiopsis were placed 
among the developing shoots of a potted peony and were thoroughly syringed 
with water several times, the new" shoots developed in 10 to 12 days large, 
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brown, sunken lesions. When stems bearing: the small black sclerotia, to¬ 
gether with Cladosporium, were similarly used as inoculum, the steins and 
leaves of the inoculated plant developed in about a week an extremely dense 
infection of typical red spot or “measles.Keisolatious from these spots, 
on stems or leaves, yielded both Cladosporium and a hyphomycete that 
produced (on corn-meal agar) a submerged or appressed mycelium bearing 
numerous globular masses of spores ])leurogenously or on short lateral 
branches that wwe sometimes ramose with slightly inflated sterigmata, but 
in the main unbranched and bearing terminally a loose cluster of spores. 
The latter were similar in form and size to those associat(‘d with tlie sclerotia 
on overwintered stems, though somewhat more variable, some being rod- 
shape and about 3 x 1.5 p, others vreve elliptical in section and ranged from 
4 X 2 to 7 X 2 g. This fnngus also was obtained repeatedly from tissue j)lant- 
ings of natural red-spot infections, usually in association with Cladosporium, 
It is doubtless the same fungus in the “budding phase” that Martin (5) iso¬ 
lated from red-spot infected peonies. Martin also refers to a “fumagoid 
phase” and states that Cladosporrum pco}iiar develo))ed in cultures of the 
budding fungus. In tJie writer’s cultures also, a fumagoid phas(‘ developed 
with age. Thick-walled, olivaceous to fuscous cells of globose to ovoid form, 
8 to 12 p in diameter, developed in simple or sparingly branched chains, or 
sometimes in irregular aggregates. The different typers of aggregates con¬ 
sisted of about 5 up to 50 cells; the larger ones were sclerotioid and vv(*rc 
baj*ely visible under a hand lens. In old cultures they imparted a fuscous to 
black coloration to the entire stroma. No further dewedopment was observed 
in tliese cultures. 

Although the “budding fungus” was often associated with (Jladosporiiim 
paeonhe in i.solation plates, it was readily separated by dilution-plating and 
it, together with its fumagoid phase, appears to be a distinct entity rather 
than a developmental phase of Cladosporiinn, In the initial stages of its 
development from a germinating spore in water or on agar, the fungus 
resembles Ciphalonporium, but the appressed and viscid character of the 
mature thallus differs widely from typical Cfphalosporhm species. The 
fumagoid phase also serves to distinguish it. The form designations Pseudo- 
sacchnromyces and Psvudofumago, as used by Martin, will serve adecpiately 
to characteTize it until more information about its life cycle is available*. 

This fungus also is pathogenic to the peony, c-ausing an extensive, dark- 
brown, moist necrosis when inoculated into wounded steins, and light-brown, 
dry spots on leaves with or without wounding. The leaf spots resemble those 
resulting from inoculation with Peiizella lythvi, except that no pycnidia or 
sporodochia are produced, but myeelium and spores typical of the budding 
phase in agar cultures cUwelop copiously on tlie surface. Experimental 
inoculations were successful within the range lO"^ to 27.5° C., but the growth 
of the lesions was most active at 18° to 22° C. 

Reference has been made to the frequent association of one or more types 
of Cladosporium with peony stem spots. Meidi (6) showed that (7. paeoniae 
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caused stem lesions of tlie red spot type, as well as the characteristic dendri¬ 
form leaf spots. In about 200 isolations made by the writer from red spot 
on stems and leaves, using a 10 per cent Chlorox (5.25 per cent sodium 
hypochlorite) wash and planting the tissue pieces, without rinsing, on corn- 
meal agar, C. pacomac was obtained alone in the majority of instances, or 
associated with th(» budding fungus. Similar results Imve been reported by 
others. In vic'W’ of the infre(iuent association of other organisms •with 
Cladosporiuiti in lesions of this type, and their inability, even when patho¬ 
genic to peonies, to repro(lu(*e the characteristic spotting, there is strong 
circumstantial evidence for regarding C. paeoniac as the sole pathogen. 
The principal (|ues1ions remaining are what innate or environmental factors 
determine the small, discrete type of stem and leaf infection as contrasted 
with the characteristic large leaf blotch<*s and what factors bring about the 
early-season, pathogenic activity of an organism that has been regarded as 
able to invade chiefly mature and moribund tissues. 

Th(‘ answer to the first (piestion may be the relatively low virulence of 
Vladosporium paionitK ; that is, the lesions are small and circumscribed when 
the host tissues are young and vital, whereas infections that are initiated in 
mature tissues show the characteristic rapid enlarg(*ment. Some of the eai’ly 
static h'sions also become* active as the tissues mature. The relative viru¬ 
lence of the pathogen in this ease bears an almost inverse relation to its im- 
j)ortanet* as a disease-producing organism, as it is the profusion of small 
spots on tlie stems, foliage, and flowers of the peony during the period of its 
ornam(*ntal value that is economically important. The mature leaf-sp(U 
phas(* is usually of little consecpience, except as it cremates a reservoir of con¬ 
tamination, as then* is ordinarily no serious contraction of the vegetative* 
pe'i'iod or n‘duetion in vigor of the host as a result of leaf blotch. 

An answer to the second (juestiou was sought in the weather re<*ords for 
seasons of exceptional ])revalencc of the stem-spot ])hase, and in the in¬ 
fluence of temperature on infection by VUidoaporium paeoniav. Because of 
the fragmentary data available on the prevalence of stem spot in diflPerent 
hx'alities and years, no w’ell-marked correlations with weather conditions 
were expected. In the vicinity of Washington, I). C., the spring of 1929 
was outstanding in the last 15 years for the ])revalence of this disease, 
l^eony shoot growth is most active here during April and early May. The 
mean temj)erature for April, 1929 (57.6° F,), was the highest, and the ))re- 
cipitatiou in (piantity and freciuency was the greatest, except for one year, 
in this 15 year })eriod. In the vicinity of Vincennes, Indiana, an important 
area of (*ommen'ial peony (uilture, there was an outstanding occurrence of 
stem spot in 1932. The mean temperature there for x\pril (57.6° F.) and 
May (67.0°) was above normal, /.e., there was an ‘‘early .spring,’’ but the 
weather was not exceptionally wet. The outbreak of stem spot at (’om*ord- 
ville, Pennsylvania, occurring in 1938, coincided wdth the w^armest April in 
the last 15 years (53.7°) but precipitation was deficient. Doubtless many 
other factors influence the development of this disease, but temperature 
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af>pears to be one of the most important. An experienced peony ^>Tower 
writes, ''The worst infection I have seen was of flowers from the South, and 
in trips to the South, I see it nearly everywhere there are peonies. No 
exhibit at the National Peony Show in Lansing:, Mich., in 1938, was entirely 
free from it, I have never seen more than a slig:ht infection anywhere 
north of Central Pennsylvania,’^ 

Experimental inoculations with Cladosporium paeoniae were successful 
within the temperature rang:e 10° to 27.5° (\, and the lesions were similar 
in appearance and size from 14° to 22°. At 10° there was a definite in¬ 
crease in the latent ])eriod of infection aiul a decline in the g:rowth rate of 
lesions. The thermal range of pathogenicity of C, paeoniae, therefore, in¬ 
cludes the temperatures prevailing during the period of peony-shoot growth 
in spring, and there is a critical point (near 14° C. or 57° F.) where the 
growtli rate distinctly rises. 

Control 

Field experiments by a j)eony grower at Concordville, Pennsylvania, 
and pot experiments by the writer, showed that the infected shoots of the 
preceding year were tlie main source of contamination, the soil being 
secondaiy. Field plants, which were cut back to the ground in September 
and October, 1938, were relatively free from stem spot in 1939, and in ])ot 
experiments they were quite as healthy as })lants i)roduced from roots 
washed free of soil. Plants left over winter with the tops in place de¬ 
veloped stem spot in the spring, both in the field and in pots. Placing 
infected stems in a previously healthy planting in early March resulted in 
the appearance of stem spot on surrounding plants in May, with severe 
infection in a radius of about 2 feet, moderate infection up to 10 feet, and 
occasional infection up to 20 feet. Evidently tlie ])ractice by some growers 
of leaving the old stems in place over winter, for the puri)ose of snow 
retention, involves a serious risk of communicating stem sjmt to the 
succeeding croi>. 

Varietal Susceptibility 

The marked susceptibility of the variety Avalanche has been mentioned. 
Mon. Bastieii Le Page, a discarded commercial variety, Avas the only i)eony 
in a small variety i)lot maintained at this Station that developed stem sjmt 
in 1939. Dr. J. J. Styer of Omcordville, Pennsylvania, is tlie authority 
for the statement that weak-stemmed varieties, inclnding most reds, and all 
medium or dwarf growers are susceptible. The varieties Festiva Maxima 
and Mon. Jules filie, which are vigorous and thick-stemmed, are but little 
affected. 

SUMMARY 

A red-*spot disease of the stems, foliage, and flowers of peonies is widely 
distributed in commercial plantations, but is of infrequent oticurrence in a 
severe form. It sometimes seriously disfigures the plants and may destroy 
their value for flower cutting. 
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Its etiological connect ion with Cladosporiuni paeoniae has heretofore 
been suspected but not definitely established. It also has been confused at 
times with the disease first described as anthracnose, but the cause of 
anthracnose has never been definitely established. 

In the searcli for the cause of stem spot it was found that isolates of 
(jlovospovium frucfigcnum from peony and from Bubus may infect peonies 
as wound parasites. Two other fungri, Pezizclla lythri and a budding fun¬ 
gus, not further identified as yet, are also pathogenic to peonies, and may 
cause distinctive stem and leaf diseases. Cladosporium paeoniae is con¬ 
sidered the principal etiologi(*aI factor, its restricted development on young 
stems being due probably to its low virulence on tissues that are in active 
growth. The profuse character of infection, even though the lesions are 
small, makes this stem spot a signifi<*ant disease on peonies grown for flower 
cutting. 

Division of Frttit and Vegetable (^rops and Diseases, 

Bureau of Plant Industry, 

Washington, D. (\ 
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CROWN GALL OF PEACH IN THE NCRSERY 

K . A . S I E (} L E R and j . .1 . Bowman 

(Accepted for publication January 15, 1940) 


introduction 

Crown gall {Phytomonas iitmefaciens Smith and Townsend) is one of 
the most serious diseases on pencil in the nursery. In the United States, the 
disease is particularly prevalent ami severe in some sections of the southern 
and western States. No data are available for estimating the losses occa- 
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sioiied b}’ it, but, where the disease is prevalent, 50 per cent of the ti'ees 
frequently are discarded, and brush heaps eontainini*: thousands of trees 
having galls like that shown in figure 1, A, are a not iincomiuon sight. 
Literature references to this disease in the United States begin about 1890, 
but undoubtedly the disease occurred many years before that time. Butz^ 
in 1902, cites instances where entire blocks of nursery i>each trees were 
destroyed because of crown gall. 

Despite the large financial losses caused by this disease, no serious 
attempts at control have been reported. The standard recommendations 
have been based on the principle of rotation witli crops of nonsusceptible 
plants, but no reports on the results of this method have been found in the 
literature. 

Limited observations indicate that two inii)ortaut characteristics of this 
disease appear to be (1) tlie relatively greater severity in regions known to 
have alkaline soils, and (2) the localization of the majority of the galls at 
the region of the root-stem junction, /.c., at the ^ ‘ crown of the roots. 
These factors were taken into consideration in seeking means of control by 
attempting to devise methods whereby (1) noniiifested soils could be main¬ 
tained in that condition; (2) infested soil could be rid of infestation; and 
(3) the tissue of the seedling could be prote<‘ted at the region most 
vulnerable to infection. 

1»KKLI1V1INARY OHSKKVATIONS AND K.XPEIUMENTS 

The effect of the hydrogen-ion concentration of the soil on the amount 
of crown-gall infection had been investigated, and tht‘ results*’ indicated 
that liming a relatively acid (pH 5.5) soil greatly increased the aiiHuuit of 
infection. This ex))eriment has been re})€‘ated and Avill bo discussed under 
tlie experiments of 1939. 

In connection with the question as to wJiy there is a rathei* general 
localization of galls at the region of tlie root-stem junction, as shown in 
figure 1, A, peach pits were germinated hi the greenhouse and observations 
made on early stages of growth. It was found that small lesions, ])robably 
due to bruising, were jiresent, particularly on the main axis near the 
cotyledons, in numbers sufficient to account for the presemce of numerous 
galls at this region if these AvoundeeJ areas became infected. Pigui-e 1, B, 
illustrates a germinating seed before the cotyledons have emerged from the 
stony coat (endocarj)). Although many pits do not liave such a jironouneed 
projection, it is ajiparent that com))aratively slight pressure by the pointed 
tip of the hard seed coat would result in injury to the very tender tissues 
of the seedling. Figure 3, C and D, slunvs Avounds that occurred incident 
to sprouting. That such avouikIs might serve as infeidion courts was indi¬ 
cated by the large percentage of seedlings that exhibited galls at the 

1 Butz, (t. C. Crown gall. PeniisA’^lvania Agr. Exp. Htat. Aim. Rpt. Part 2 1901/02: 

405-434. 1902. 

2 Siegler, E. A. Relations between crown gall and pH of the soil. Phvtoi)a<li. 28: 

858-859. 1938. 
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Fid, 1. A. Typical crown gall on l-ycar budded peaeli tree. B~I). Stages in ger¬ 
mination of peach. In 11, note possibilities for injury to the tender tissues at the region 
near the cotyledon petioles by the stony endoearp. In C and D, note lesions incident to 
n(»rmal germination. K. (lall im young seedling resulting from natural infection. 
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cotjiedojiary region, an shown in figure 1, E, when pits were planted in 
soil infested witli the crowia-gall organism. 

Preliminary experiments in control, therefore, were made in an attempt 
to protect the tender tissues of the germinating seed from infection. The 
seeds in early stages of germination were treated with various antise])tics 
and disinfectants, including calomel, mercuric chloride, thymol, formalde- 
hyde, ‘‘ formofume, ’ ^ sulphur, sodium hypochlorate and cuprous oxide. The 
results of these preliminaiy experiments w'ere not conclusive because of 
great variability among the several treated and control plots. However, soil 
treatment with sulphur and seed treatment with (*alomel wei’e deemed 
worthy of further trial. 

The more extensive experiments conducted in 1939 were planned mainly 
to observe the effect of varying the pH of the soil and the effect of applying 
a disinfectant to the pits, on the amount of infection on 1-year seedlings. 

Materials and Methods 

Hydrated lime was used when it w^as desired to make an acid soil 
alkaline. Sulphur (commercial dusting) and ammonium sulphate were 
used in an attempt to acidify the soil in certain test jilots that liad been 
previously made alkaline by liming. 

Calomel (U. S. P.) was used on the pits, wiiich were comparatively free 
from dirt, at the rate of 4 oz. to 1 gal. of w’ater. The pits were held in an 
open-mesh cloth bag and dipped in the well-stirred suspension for several 
minutes to permit a thorough coating. They were then permitted to 
surface-dry before planting. 

The soil in every x)lot, including the treatment^’ or ‘‘check’’ ones, 
w'as artificially inoculated by pouring hea\y w ater susj>eusious of the crow ii- 
gall organism into a 6-incli-w’ide shallow’^ furrow' in which the pits were to be 
planted. The manipulations were such as to insure a wettijig of the soil 
wdth the inoculum to a depth of approximately 2 in. below the .surfa(‘e of the 
soil in the furrow' in whicli the pits were to be ])laiited. 

Pro<‘edure 

In the plots to be tested for tlje pH effe(*t (Exj)eriment 1), the limed 
l)lots received an application of hydrated lime in a shallow^ C-inch-wide 
furrow, and 8 days later all i)lots were inoculated with the organism. 

All tlie plots to be tested for the effect of calomel, sulphur, and am¬ 
monium sulphate and their “check” plots (Exj)eriment 2) were first given 
an application of lime, and, 8 days later, were inoculated w’ith the or¬ 
ganism. In the plots treated wdth sulphur and ammonium sulphate the 
chemicals w^ere sprinkled directly onto the pits in the furrow. 

The pits were planted in November, 1938. 

RESULTS 

The details of experiment No. 1, designed to test the effect of the pll 
of the soil on the amount of crown-gall infection, are sliow'ii in table 1. 
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TABLE 1.— Comparuon of the amount of erown gall on l-gear peach needlings grown 
in (J) acid and in (i) alkaline soil 


Bow 

Treatment j 

Number 
of trees 

Number of 
galled trees 

Percentage 
galled trees 

apH of soil 

1 

1 

None j 

1291 

100 

8 

5.8 

*> 

Limed 

1168 ! 

713 

61 

8.5 

a 

None 

; 835 

91 

11 

5.9 

4 

Limed 

1321 

754 

57 

8.5 

5 

None 

1135 

109 

10 

5.8 

Total 

None (3 rows) 

3261 

300 

9 j 

5.8 

4 t 

Limed (2 rows) 

2489 

1467 

! 59 

8.5 

i 


a All jjII di*torminationa were made by W. F. Kosar on a quinhydrone electrode. 


The results of this experiment confirm those of the x>i*ecedmj»‘ year and 
furnish additional evidence that liming an acid soil apparently makes for 
conditions favorable for growth of the organism and results in an increased 
amount of crown gall. 

The seedlings in the limed rows made, on an average, slightly better 
growth (ai)proximately 2 indies) and had slightly darker foliage than those 
on the non-lirned rows. When this condition became apparent, a light 
side dressing of nitrate of soda was applied to 250 of the seedlings in Row 1. 
As anticipated, there was a promiit growth response and, by digging time, 
these trees in this ]>lot were as large as those in any of the limed rows. The 
total stand was apjiroximately 50 per cent. 

In experiment No. 2, an attempt was made to control crowm gall by (1) 
the ns(‘ of calomel on the pits ami by (2) applications of sulphur and 
ammonium sulphate to the soil. The field plan consisted of two adjacent 
rows, eadi row containing 1(5 plots, 12.5 ft. long. Each j)lot contained 150 
pits and, it will be recalled, the soil in all the plots in these two rows had 
been limed and tlien inoculated with the erown-gall organism jirior to 
])Ianting the ])its. 

The data on the experiment (Table 2) are arranged so that the relative 
positions of the ])lots can be readily visualized; the lots that were opposite 
each other, but in adjacent rows, are on the same i)arallel lines. 

As shown in this table, the stand of trees was very \iniforin, with the 
exception of lot H. In this experiment excellent control was secured by the 
use of calomel alone ((5 ])er cent galled trees in the 4 plots), as compared 
with 71 per cent galled trees from the adjacent nontreated check jdots 1, 
11, 18, 28. Typi(*al trees, classed as clean and galled, are shown in figure 2, 
A and B, respectively. The fact that the trees in row 2 made on an average 
approximately 2 to 4 inches more groAvlh and had darker foliage than the 
trees in row 1 is not showni in the table. The better growth was attributed 
to leachings from manure that had been spread on higher grouml about 8 
feet away from row 2. As might be anticipated, the height and ealiper of 
the trees were greatest in all the jilots treated witli ammonium sulphate. 
The total stand was 56 per cent. 

In (contrast to the effect of the calomel treatment alone, this treatment 






TABLE 2 .—ComparuHon of the amount of crown gall on 1-year peach Hcedlingti when the pits were treated wth calomel and the soil treated with 
sulphur and ammonium sulphate 
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Total calomel (4 jiluts) I 

Checks (4 plots) 337 
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Pio. 2. C)n«’ vcjir poach stMHiiings typical of those in oxporinK'uts, showing the 

characteristic at the root-stom junction. Note ta]» roots in comparison with 

]>i'anciu*(l roots (P’ig. 1, A). A. Typical of soodlings classed as “clean.” B. Typical of 
the seedlings cIhhsikI as * ‘galled. ’ ’ Of the galled trees, 00 }>ct cent had galls located at the 
“bond” at the root-stem junction. 

in ('ombination with either sulpliur or ammoiiiniii sulphate and the plots 
receiving the latter materials singly, failed to yield consistent results. So 
many fa<dors may be involved in these particular treatments that a 
discussion of them is not warranted at present. 

As indicated by the pH readings of the so-called noutreated plots, it 
would appear that the ap])]ication of lime resulted in a degree of alkalinity 
seldom encountered in nurseries. The j)!! of the land in the immediate 
vicinity of these two rows was ajiproximately 5.7. Attention is called to 
the fact tliat all the pH readings were made from composite samples taken 
at the time tlie seedlings were dug, and that the readings above pH 8.0 are 
not considered reliable. The fact that sulphur particles were abundant 



424 


Phytopathology 


[VoL. 30 


in tlie sulphur-treated plots at the time of sampling would tend to explain 
discrepancies in pH readings, as exemplified in plots 23 and 29. Applica¬ 
tions of ammonium sulphate had no residual acidifying effect 10 months 
later. It is possible that applications with this material when the pits are 
cracking in the spring might result in effective acidification for a short 
period. 

msc^ussioN 

The results of thes^ exi)eriments are encouraging for the practical con¬ 
trol of peach crown gall in the nursery. Obviously, repeated tests under 
varying conditions should be made before the results are considered conclu¬ 
sive. The experiments that showed an increase in crown gall as a result of 
liming an acid soil have confirmed the results obtained in the j)receding 
season and, therefore, are considered more conclusive. In regions where the 
soil is heavily infested with the crown-gall organism a treatment of the pits 
with calomel can be made with negligible expense and is at least worthy of 
a trial. 

No data are available on the question as to how closely soil infestation 
is limited to soils near to or on the alkaline side, or, more especially, as to 
occurrence of heavy infestation in relatively a(*id soil. It is hardly neces¬ 
sary to point out that failure to secure satisfactory infestation artificially 
in an acid soil does not warrant the conclusion that this same soil might 
not become infested by natural means. However, the known proclivities 
of other pathogenic soil organisms make it peiunissible to assume that the 
presence and the virulence of the crown-gall organism may be influenced 
by the pH of the soil. Eecently, Hornbostel ' has r(»ported that cei*tain 
organic mercury compounds have greater bactericidal effect on tin* crown- 
gall organism when used in media of comparatively low j)!! values, and 
Sherbakoff^ has reported experiments on tlie use of sulphur as an acidifying 
agent to control ‘Hrue crown gair’ on apple grafts. 

In these experiments the attempts to change radically the i)II of soil 
which had been made alkaline by liming, yielded inconsistent results. 
Further experimentation is necessary to learn if the amount of infestation 
occurring in alkaline soils actually will be appreciably reduced if, by 
certain treatments, these soils can be made relatively acid. The important 
question as to the i)roi)er alterant for any given soil lies beyond the scope 
of this report. 

In situations where the organism may persist in the soil des])ite all 
efforts to eliminate it, the problem of control is mainly concerned with 
protecting the peach seedling where and when it is most vulnerable to in¬ 
fection. Field observations and preliminary ex})eriments indicate (1) that 
a large proportion of trees are attacked about 2 inches below the ground 

3 Horn})ORtcl, W. Die Boziehungen zwischcui Budenreaktion und Wirkung quock- 
silberhaltiger Bodenentsenchungsmittel auf den Wurzolkroj)t‘erreger Pseudomonas tumo- 
faeiens Smith et Townsend. Ztschr. f. Pflanzenkrank, 49: 77-93. 1939. 

* Slierbakoff, C. 1). Effect of soil treatment with sulphur upon crown gall in nursery 
apple trees. Phytopatb. 16: 105-109. 1925. 
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level, which is at the general region of the root-stem junction, and (2) that 
severe mechanical injury to the emerging root frequently occurs in early 
stages of seed germination, causing not only many wounds but frequently 
the destruction of the growing point, as a result of which many trees exhibit 
branched roots instead of a normal tap root. The large size and general 
characteristics of the galls, usually encountered in nursery trees, also indi¬ 
cate that they are 2 years old. Tlierefore, althougli other supporting data 
are not at hand as proof, it can be assumed that wounds at the top or 
proximal part of the young root system serve as important infection courts 
for the organism, and that control measures, predicated on this assumption, 
should be concerned with attempts at (1) elimination of such wounds and 
(2) protection of the tissue of the jumng seedling by the antiseptic or 
disinfectant action of a suitable material. In some sections of the country 
the practice of planting the sprouted seed in early spring undoubtedly re¬ 
sults in a considerable amount of wounding in comparison with the amount 
that results wlien the seed is permitted to germinate ‘‘in place.In these 
sections it may be found practicable to hold the seed in a dormant but 
after-ripened condition in cold storage, so that the pits will not be 
“cracked’’ when planted. 

The results obtained in these experiments with the use of calomel as a 
protectant are highly encouraging, but it should be emphasized that these 
experimental plantings differ in many features from conditions in the com¬ 
mercial peach nursery. These experiments were designed to establish prin¬ 
ciples for control and, as such, have their value, but such clean-cut results 
under commercial conditions would not necessarily be obtained. For ex- 
am])Ie, it will be recalled that in these experiments the inoculum was 
applied only in tlie immediate vicinity of the pits. There was apparently 
very slight diffusion of the organism in the soil because all of the galls were 
confined to the main axis of the root in a region about 2 inches in length, 
beginning at the root-stem junction; no galls were found on the smaller 
lateral roots. Moreover, despite the fact that the seeds were planted in the 
fall and germinated “in place,” some wounding undoubtedly occurred; 
but injury, sufficient to kill the growing point of the young root was evi¬ 
dently infrequent, because practically all of the seedlings had tap root^. 
By count, liowevcr, 90 per cent of the galls on the affected seedlings were 
located at the “crook,” which is formed at the region of the root-stem 
junction, due to curvatures occurring in early stages of germination. This 
supports the field observations concerning the location of the majority of 
the galls and demonstrates the susceptibility of the tissues at this region, 
presumably while they are still soft and succulent, if not actually wwinded. 

The fact that tlie seedlings in these experiments were dug at the end of 
the first growing season should also be taken into consideration in evalu¬ 
ating these results and in forecasting their applicability to commercial 
practice wliere the roots remain in the ground one year longer. Regard¬ 
less, hoAvever, of the number of new infections that may occur during the 
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second season, it is api>arent that protection up to that time is a prerequisite 
for control. 

CONCLUSIONS AND SUMMARY 

Crown gall {Phytomonas tnmefaciens Smith and Towns.) is, in the 
nurser 3 % one of the most serious of peach tree diseases. The majority of 
the galls are located at the region of the root-stem junction at the crown of 
the root system. 

The disease is verv prevalent in regions w^here it is the practice to plant 
the seed after it has sprouted. This practice undoubtedly results in injury 
more severe than when the pits are planted in the fall and thus are per¬ 
mitted to germinate in place. Even in the latter procedure, however, 
numerous small lesions occur on the tender tissues during the very early 
stages of growth. Presumably, these lesions serve as infection courts; but, 
in an,v event, the tissues of the roots, particularly in the general region 
of the root-stem junction, are xery susceptible to infection. 

Another factor in the etiology of this disease is the general j^revalence 
of the organism in regions in which the soils are relatively" alkaline. 

The experiments reported here were concerned mainly witfi securing 
confirmatory data on the effect of the pH of the soil on the amount of in¬ 
fection and with attempts to lower the pH of soils, made alkaline with lime, 
by ai)plications of sulphur and ammonium sidphate. In addition, attempts 
at control w’ere made hy dipping peach pits in a heavy suspejisioii of calomel 
before planting in an endeavor to protect the tissues of the seedling from 
infection during the early stages of germination. 

The results of the experiments furnish additional evidence that a much 
larger amount of infection occurs when alkaline soils are artificially in¬ 
oculated than w"hen acid soils are artificially inoculated. The amount of 
infection was 59 per cent in the limed plots and 9 per cent in the nonlimed 
I)lots. 

As a result of one season's trial the plots containing the calomel treated 
pits showed 6 per cejit infection in comparison with 71 per cent on 4 control 
plots. 

Regardless of the many factors that shoidd be given consideration in 
evaluating these results and of the precautionary statements that natiu’ally 
should qualify the results of preliminary experiments, it is believed that 
this attempt to establish the important factors incident to infection should 
eventually lead to adequate control measures. 

In view of these results, it would seem advisable to avoid the ex(*essive 
use of lime on soils in iieacdi nurseries where crown gall is a factor. Ob¬ 
viously, an acid condition as is compatible with satisfactory growth is 
desired. In addition, treatment of the hard, uncraeked pits, with a strong 
water suspension of calomel (4 oz. to 1 gal.) at planting time is worthy of 
a trial to test the efficacy- of this treatment under various conditions. 

TJ. S. Horticultttral Station, 

Bureau op Plant Indxtstry, 

Beltsville, Maryland. 



THE INHERITANCE OF IMMUNITY PROM MILDEW (BREMIA 
LACTUCAE) IN LETTUCE 

I . C . ,T A 0 G E R 1 AND T H O M A S W . W II I T A K E R 
(Ac<*oi>te(i for pwblientioii iVcomber 1, J939) 

Milbrath (4) was the first investigator to point out the serious damage 
to the commercial lettuce crop catised by downy mildew (Bremia lactvcac 
Reg.). He stated the “climatic conditions in California are favorable and 
conducive to tlie growth of Bremia lactucae in the field.This statement 
is particularly true of the Salinas-Watsonville area, which is the State’s 
major lettuce-producing region. Another troublesome characteristic of the 
disease is the fact that it continues to develop in shix>ment. As a result, 
lettuce attacked by mildew arrives on the markets in poor condition. 

Milbratli tested a nunjber of varieties, and found considerable diffei*- 
ence in susceptibility to mildew among them. The New York variety 
proved the most susceptible; Hanson and Iceberg were more or less resis¬ 
tant; none of the varieties tested was immune from the disease. 

In 1923, the senior writer (2) rejiorted that a large number of varieties 
had been tested, and 9 were found to be immune from mildew in both 
(California and Florida. These 9 varieties wer(» of European origin, and, 
in general, imsuited to cultivation under California conditions. They were 
crossed with the very suscejitible, but commercially popular, variety New 
York. All first generation hybrids were immune from mildew. Segrega¬ 
tion in Po closely appro.ximated 3 immune ])lants to 1 susceptible, suggest¬ 
ing that immunity from the partictdar physiologic race of Bremia lactucae 
involved was governed by a single dominant gene. 

In a series of iiuxudatioii experiments on the 9 varieties mentioned 
above, dagger and Chandler (3) were able to show very definitely the exist¬ 
ence of at least 4 distinct physiologic races of the fungus; race 1, found at 
Sanford, Florida, and Chula Vista, California; race 2, found in England; 
race 3, in the Imiierial Valley, and race 4, in the Salinas Valley, California. 
One vai'iety, Romaine hlovde lente a moniery obtained from Prance seemed 
immune from all forms of the fungus encountered. This variety, according 
to Vilmorin-Andrieux & Cie (9), originated in Southeastern France. It is 
a typical Cos ty]>e lettuce, with pale green, elongated, spatulate leaves. 
This variety was crossed with several strains of New* York or “Iceberg” 
tyjje lettuce. Tlirough selection and further backcrossing to the New York 
type, a number of commercially desirable strains resistant to the then 
knowui physiologic races of Bremia lacivcaey and superior to the original 
New York variety, were released to the industry (Imperial F, Imperial D, 
Imperial 152, Imperial 615, Imperial 847, etc.). 

In 1932, another physiologic race of Bremia lactucae appeared in the 
Salinas Valley, for all of the strains listed above as immune were attacked 

1 Deceased Febniary 16, 1939. 
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by the parasite. In an extensive series of tests 2 varieties and a selection 
of Lacinca scariola from Bussia proved immune from physiologic race 5 
of B. lacfncae. Again, the immune varieties were of European origin; two 
were primitive, as far as heading qualities were concerned, and commercially 
useless. 

In this paper, data are presented indicating 1, that immunity from 
phj’^siologic race 5 is dependent upon a single dominant gene; 2, that it is 
possible to combine genes for immunity with good commercial qualities in 
lettuce, by crossing, backerossing, and selection; 3, that genes for immunity 
are found in the more primitive, non-heading or loose-heading types of 
lettu(*e. 


MATERIALS AND METHODS 

Two types of lettuce immune from mildew were used in these experi¬ 
ments. Their source and description follow. 

1. Grasse blonde d^hiver Bourguignonne, Obtained from Vilmorin-Andrieux & Cie. 
A butter-head tyi)e. Leaves, smooth with regular margius; i)lant and head, entirely 
light green; heart, buttery yellow. Similar to the variety Unrivalled, but probably a 
little darher green and possibly a little larger. Under our conditions it ‘‘tip burns 
badly, but is immune from mildew. 

2. Lactvea scariola.^ Obtained through the division of J^lant Ex]>Ioration and Intro¬ 
duction from Bussia (P.I. No. 104854). Strong, vigorous plants wdth pinnately lobed 
leaves; older leaves, bristly hispid along the raidvein; glaucous otherwise; the y(mnger 
leaves are entirely smooth; no red pigment in either stems or leaves. Tlio young i>lants 
form a small rosette of leaves and immediately produce 4 or 5 side shoots, the latter 
becoming seed stalks of uniform height (24 to 30 in.). 

The French variety and Lactuca scariola w'ere used directly in the crosses reported 
in this paper. In the last 3 families listed in table 1, a homozygous resistant segregate 
derived from an original cross between a plant of L. scariola and a susceptible type, w'ith 
several intervening generations of selection and backerossing, was devedoped as a parent 
for further crosses. Jt is important to note that resistance in this case originated with 
the jdants of L. scariola from Bussia. 

The susceptible varieties used in these experiments were Imperial F, 
Imperial D, Imperial 615 and Imperial 847. They are commercial sorts of 
the “ Iceberg type, and were developed and released by tlie TJ. S. Depart¬ 
ment of Agriculture, At the time of their release, p}iysiol()gi(* race 5 liad 
not appeared, and they were immune from the forms of Bremia luciucae 
then present. They are firm, well-folded, and of good quality when grown 
under conditions to which they are adapted. 

Seed for plants to be scored for resistance and susceptibility was planted 
in the seed bed and the young plants were inoculated with a water sus¬ 
pension of spores of the fungus as soon as the cotyledon leaves became 
fully expanded. Inoculum was prepared by w^ashing spores from mildew- 
infected plants. Small cultures of such plants are maintained continuously 
in order to have a readily available supply of the pathogen for inoculation 
purposes. After the results of the first inoculation became apparent, the 
susceptible plants were removed and the remaining plants again inocu¬ 
lated. This second inoculation made it fairly certain that very few 
potentially mildew-susceptible plants escaped inoculation. 

2 The evidence is quite conclusive that the cultivated varieties of lettuce have been 
derived from Lactuca scariola (11). 
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RESULTS 

Prom crosses made between susceptible commercial varieties and homo¬ 
zygous immune ones, immune Fi plants Avere obtained. The data obtained 
for segregation of mildew immunity in the P 2 progenies from these crosses 
are presented in table 1. 


TABLE 1 ,—Segregation for mildew immunity in 


CrosH 

Family No. j 

Diseased 

Healthy 

Total 

E X French variety 

t 3158 1 

147 

436 

583 

P X Lactuca Bcariola 

1 4502 1 

343 

470 

613 

847 X resintaiit jilant 

1 40018 i 

93 

257 

350 

847X 

1 13279 ! 

71 1 

224 

295 

615x '' 

13247 j 

42 i 

128 1 

170 

Totals 


496 i 

3515 

2011 

Calculated (3:1) 

i 

1 502.75 1 

! 1 

1508.25 i 

i 



a Dfvintioii ~ (>.75 ; y- r- 0.12040 ; range =r 0.00 - 3.841. 


The (Jata obtained from llie 5 families listed in table 1 have been sub- 
j('eted to the x“ homojreneity of the individual families. The 

results indicate that the departures from the theoretical are within the 
limits of random .sampling. Tlie x“ test for goodness to fit (3:1) has been 
applied to each family, independently, and to the totals. Insofar as data 
on the panmts, the Fi and the Fy, are concerned it appears that the hypoth- 
t^sis of a single dominant gent‘ accounts satisfactorily for the observations. 

Tlie Pm data are not extensive, but seem sufficient to support the single¬ 
gene hypotliesis. Five F 2 plants, immune from mildew, from the cross 
D xLactuca scariola, were tested in F 3 . All proved to be heterozygous 
(Table 2). 

TABLE 2 .—Scgregalton for mildew irnmnnitii in 


Cross 

Eg 

i 

! 

L_ 

Segregation in F 

1 


TUienotype 

Diseased 

Healthy 

Total 

X 

Fx 

3^>ench variety . 

Diseased 

50 



50 


Fx 

n < < 

( 4 

8 



8 


1) V 

Lactuca scariola 

4 4 

55 



55 


I) V 

4 ( t ( 

' i 4 

1 15 



15 


I) > 

4 4 4 4 

Immune 

1 


4 

5 

0.06666 

1) K 

(4 4 4 

4 4 

16 


42 

58 

0.20689 

Dx 

4 4 H 

4 t 

8 


28 

' 36 

0.14835 

I) ^ 

44 tt 

4 4 

12 


: 37 

49 

0,00680 

D X 

4 4 4 4 

4 4 

9 

i 


31 

1 

1 40 

0.13333 


In many cases young seedlings, infected with Brcmia lactucae are weak¬ 
ened, and die in the seedling stage. With some care to avoid infection by 
secondary organisms it is possible to raise mildew-infected plants to 
maturity. Mildew-susceptible plants were selected out from several Fa 
families; the progeny from these plants were homozygous for mildew 
susceptibility (Table 2). 
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In table 3 are summarized the test-eroKSS data. Test-cross matings were 
not made to the susceptible parent because it is often difficult or even 
impossible to determine whether a particular individual is the result of a 
cross or of self polJiiiation, except by the use of markers. In testing 4 of 
the Fi progenies we have made use of a homozygous susceptible plant with 
a border of red pigment around the leaf edge as a pollen parent, mated to 
the heterozygous Fi plants. All cross-pollinated individuals should show 
red pigment of somewhat the same nature as the pollen parent. In the 
latter case a typical plant of the variable species LacUica scariola was 
used. By means of this technique it is a comparatively simple matter to 
eliminate the self-pollinated plants. The data of table 3 have been subjected 
to the same tests described for table 1. The results do not deviate 
significantly from the expected 1:1 i*atio. 

TABLE 3 .—Sfffrrgation for mihlew immiinify i?i tent cross^ 


Tost cross 

Family 

No.‘ 

Diseased 

Healthy 

Total 

Fj X L. scariola) XYiHl edge suscopt. 

33570 


35 

54 

Ft (Imp. 615 X resistant) \ ! 

33578 1 

1 21 

27 

48 

i i (( 

33580 

30 

26 1 

56 

Fi (Imp. 847 X resistant) 

33581 

28 

30 1 

58 

> speckled red snscept. 

33584 

3 

4 

7 

Fi (Imj). 615 y resistant) A ** 

33586 

5 

5 

10 

a j, i( 

33588 

10 

i 

1 23 

Fi (Imp. VxL, scariola) xL. scariola (siiscejit.) 

33611 

3 

1 2 

5 

Totals 


119 

i J42 


Calculated (1:1) 


130.5 : 

1 130.5 

j 201 


« Deviation = 11.5; yf = 2 . 02 r >8; range =: 0.00 - 3 . 841 , 


DISCTJSSION 

There are two facts established by this investifration that merit further 
disciission, since they are of general genetic significance. They are: 1. 
The gene for immunity- is dominant over its allel for susceptibility. 2. The 
plants with the dominant genetic complexes are of European origin. 

The 9-chroniosome species of Lacivra (Babcock, et al. (1)) are, with one 
exception, of European origin. Cultivated lettuce and the closely related 
species, L. scariola, belong to this grouj).' The two facts mentioned above 
would seem to support Vavilov’s contention (8) that the greatest diversity 
in form of a cultivated species is found in the vicinity of its oi'igin, and 
that, during the spread of a species toward the boundary of a region, the 
rece.ssive forms are singled out for survival. Conversely, the proportion 
of dominant genes is greater in the immediate vicinity of the center of 
distribution. 

Of equal significance may be the fact that the immune types are more 
or less primitive, or nonspecialized. The highly developed, specialized 
heading types, i.e., New York, etc., are, without exception, carriers of the 
recessive genes for susceptibility. 
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The dominant gene for immunity from mildew in lettuce parallels very 
closely in origin and behavior the Fit gene for resistance to Fusarium wilt 
described by Wade, ei al. (10) in peas. The similarities are obvious; the 
genes for resistance or immunity are dominant, and are found in relatively 
unspecialized types; forms with dominant genetic complexes are found 
near the center of distribution of the species in question. It, however, is 
not true that all of the primitive types of lettuce either cultivated or wild 
(L. scanola)^ carry the dominant genes for immunity. 

The recent work of Schultz and Rbder (5) supports our observations 
that the more })rimitive types of lettuce carry the dominant genes for 
immunity. In their very extensive trials at the Experimental and Research 
Institute for Horticulture in Germany, they found 3 varieties of the general 
type of May King (May King, May King Forcing, Bottner’s Forcing), 
which appeared to be very resistant to if not immune from the disease. 
These varieties are of the early forcing type, making loose, spongy heads 
and having buttery-texture leaves. The senior writer has found May King 
immune fi*om most of the physiologic races encountered in this study, but 
it was susceptible to certain races in England, and in Imperial Valley, 
('Hlifornia. 

Schweizer (6) has shown that there is considerable physiological spe¬ 
cialization within Bremia lactucae; that is, spores from one host infect only 
the same host or other species of the same genus as the host. In no case 
was he able to cross-infect to species of another genus. By means of statis¬ 
tical methods, Schweizer was able to distinguish what he termed ‘‘small 
morphological species’’ within B. lactucae. Schultz and Roder (5) have 
isolated 2 physiological races of B. lactucae in Germany. These races were 
separated on the basis of differential pathogenicity to certain varieties 
of lettiK'e. 

Stakman (7) lists 4 principal methods that have been suggested to 
explain the origin of races of pliytopathogenic fungi. They are as follows: 
adaptation, hybridization, heterocaryosis, and mutation. 

We have no eriti(»al test that would positively discredit the theory of 
the origin of physiological races in Bremia lactucae through adaptation. 
Indirect evidence, however, seems to indicate that it is highly unlikely. 
If the parasite had adapted itself to previously immune varieties, these 
presumably would have “lost their resistance” rather gradually over a 
series of growing seasons. Actually, the new physiologic races appeared 
suddenly, and varieties that had been immune were completely susceptible 
to the new forms. 

It is doubtful whether either heterocaryosis or hybridization should 
be considered as probable methods of origin of physiological races in 
Bremia lac^tueae, for the reason that the sexual stages of the fungus have 
never been observed in this locality. Our knowledge of this subject is far 
from complete; it is entirely possible that a careful examination might dis¬ 
close sexual reproduction in the life history of the parasite. 
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That physiological races of Bremia lactucae have originated through 
mutation seems reasonable from circumstantial evidence. The maimer in 
which they first appeared, and the fact that resistance to at least two of 
them is controlled by single gene differences would indicate that they may 
have originated through mutation. 

These observations make the assignment of producing disease-resistant 
plants a difficult one. The best opportunity for success seems to be in 
maintaining a large collection of types of the host species, including primi¬ 
tive types from near the (*enter of origin of the species on the chance that 
some of them will carry genes for resistance to new physiologic races, as 
these races are discovered, and become economically important. 

Prom general observations there is no evidence of liiikage between genes 
for immunity, and those for the various ])igments, morphological struc¬ 
tures, or physiological characteristics of the strains or varieties of lettuce 
used in this study. Por this reason it is a comparatively simple matter 
to combine the genes for immunity with those for desirable (?ommereial 
qualities. 

SUMMARY 

The occurrence of 5 physiologic races of Bremia lactucae is recorded. 
There is evidence of the existence of as many as 6 or 7 races of this fungus 
that attack cultivated lettuce. 

The inheritance of immunity from i)hysiologic race 5 is des(*ribed in 
detail. Immunity is dependent upon a single dominant gene. 

Dominant genes for immunity have been found only in the more primi¬ 
tive types of lettuce. These types occur in Europe, and presumably come 
from near the point of origin of cultivated lettuce. 

There is no evidence of linkage between genes for immunity and any 
of those for the various morphological characters found in cultivated 
lettuce. 

It is suggested from indirect evidence that physiologic races in Bremia 
lactucae originate through mutation. 

Box 350, La Jolla, California, 

Bureau of PiiANT Industry, U. S, Dept, of Aguioulture. 
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HYDROXYI^ION CONCENTRATION OF THE SALIVA OP 
PARTLY DESICCATED BEET LEAF HOPPERS 

J . M . Fife 

(Accepted for publication January 24, 1940) 

The beet leaf hopper, Eniefiix ieneUus (Baker), is the only known 
vector of the eurly-top virus. The virus exists in the body of the insect 
for long periods (3, 6). Knowledge of tlie chemical environment of the 
virus within the leaf hopper is, therefore, of interest. Earlier investiga¬ 
tions have shown that the salivary secretions of normal beet leaf hoppers 
are distinctly alkaline, and that the blood or body fluid is slightly alkaline 
(4, 1). Bennett and Wallace (3) came to the conclusion that the blood 
of the insect is the main reservoir of the virus. The phloem of sugar beets, 
which is a favorable environment for the virus, is slightly alkaline (5), 

The object of this j)a])er is to iireseiit data on the hydroxyl-ion concen¬ 
tration of the salivary se(‘retious of starved and, conse(|ueutly somewdiat 
desiccated leaf hoppers, and to correlate the findings with some facts previ¬ 
ously observed. 

METHODS 

In order to determine the equivalents of hydroxyl ions, secreted during 
feeding by the salivary glands of partly dessiccated leaf hoppers, it was 
necessary to allow the insects to feed on small drops of a slightly buffered 
liquid for a definite period. 

A buffer solution, consisting of 0.01 normal HCl and 0.09 normal KCl, 
was diluted 10 times with distilled water to make a feeding solution. The 
object of diluting the buffer solution was to reduce its buffer capacity and 
at the same time to increase its pH to a point beyond its most effective 
buffer range. Sufficient sucrose was tln'ii added to bring the concentration 
to 2 per cent. Tliis feeding solution, freshly prepared, had a pH of 3.07. 
Calculations from the buffer curve show a maximum buffer value of 1 x 10“^ 
between pH 3.31 and 3.11 and a minimum buffer value of 1.28 x 10 ^ be¬ 
tween 4.48 and 5.12. The feeding solution had a buffer value of 3.7 x 10~* 
over the entire pH range through which it was used. The feeding solution 
had sufficient buffer capacity to maintain a constant hydrogen-ion activity, 
yet the buffer capacity was so low that the addition of an extremely small 
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quantity of hydroxyl ions would shift the pH considerably. A fresh 
feeding solution was prepared when the pH was found greater than 3.65 
or when evidence of bacterial growth api)eared. 

Female leaf hoppers, which had been kei)t without food or water for 
18 to 24 hours at room temperature, were placed singly in individual feed¬ 
ing chambers previously described (4). Wheji a leaf hopper in search of 
food punctured the paraffine membrane, a drop (0.01 cc.) of the feeding 
solution was pla(*ed on the membrane directly over the insect. In this 
way it was possible almost at will to induce desiccated leaf hoppers to feed. 

A leaf hopper was allowed to feed for a definite period of time, then 
the drop was transferred to another paraffine membrane for the pH deter¬ 
mination. The transfer was accomplished by inverting the feeding cham¬ 
ber. In this position the drop would still adhere to the underside of the 
membrane. Another paraffine membrane, stretched across the mouth of a 
small vial, was raised until it came in contact with the drop and then 
lowered. The drop would then adhere to the lower membrane. The feed¬ 
ing chamber was next righted and another drop placed over the leaf hopper 
whose mouth parts were still protruding through the membrane. In this 
way a leaf hopper could feed continuously, being interrupted only for 
about 10 seconds, while the drop of feeding solution was being replaced 
by a fresh one. 

The drops were changed at regular intervals until the leaf hop])er 
refused to feed. By changing the droj) at regular intervals it was ])ossible 
to follow the rate at which the insect injected hyrdoxyl ions into the 
feeding solution. 

The pH determinations were made a]ternat(*ly (with the quinhydrone 
electrode) on the drops on whicli the leaf hoj>pers liail fed and on control 
drops of the same volume that had stood in the open and un(h»r the 
same conditions for the same length of time. The electrode consisted of a 
platinum wire ground down iintil the tip was approximately 60 p in 
diameter. A fine capillar^" tube filled with agar saturated with salt served 
as the salt bridge. 

The pH of the control drops was constant. As many as 20 tests on 
the control drops would be made during one day. The jmcbable error of 
the mean for any series of tests made on tin? same day was never greater 
than zb 0.04 pH unit. 

RESULTS 

The pH of the saliva of 75 leaf hoppers was tested in the manner de¬ 
scribed above. The saliva of most of the insects was tested inPre than 
once. Nearly all of the leaf hoppers were tested as long as they would 
feed, the feeding drops being changed at regular intervals. 

As many as 20 tests were made during the feeding period of a single 
leaf hopper. In these tests the feeding drops were changed every 2 
minutes; in other tests the feeding drops were changed every 5 minutes. 
The points in figure 1 show the pH of the feeding drops after the injection 
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of hydroxj'l ions by 4 leaf hoppers, A, B, C and D, and are typical of 
the results obtained. Each point represents a drop on which leaf hopper 
A or B, respectively, fed for a period of 2 minutes, while each point, with 
one excseption (leaf hopper C, drop 6), represents a drop on which leaf 
hoppers C or D, respectively’, fed for 5 minutes. 


pH 4 2 


3B 


34 


I r 3 4 S 6 

Drop Number 

(feeding period 5rn*nsOfi tirops 110Sinclusive 
lb mins on drop 6) 


pH 39 


35 


5.1 

I 254567ft9IO 
Drop Number 

(Feedins' pcMud ^'u.ii'i- or drcpi 

F«i. 1. Tlic cliaiipfc in pH of 4 scries of drops upon which 4 loaf hoppers were sepa¬ 
rately t’<*(l. The ordinates indicate the pH of the individual drops at the conclusion of 
the feeding ptn'iod. The })IT of tlie drops before feeding started was 3.2 for leaf hoppers 
A and 1» and 3J for leaf hoppers V and I). 

Tlie leaf hoppers were able to increase the pH of the feeding? solution 
in all (‘Hses where they were known to liave fed, regardless of wliether or 
not they had been previously desieeated. It is evident from the fityure, 
however, tliat the equivalents of hydroxyl ions injected was j?enerally less 
in each successive drop. During the latter part of the feeding period 
wlieii the leaf lioppers were no longer in a desiccated condition hydroxyl 
ions were still being excreted. 

The equivalents of liydroxyl ions injected into each drop of feeding 
solution was determined from the buffer enrve.^ The pH that would be 
obtained, if the same jinmber of equivaleiits of hydroxyl ions wei'e injected 
into the same volume of distilled water, was caleulated. These data are 
shown in the last 4 <*()liimns of table 1. 

1 The pH was determined (with the quinhydrone electrode) on 5 ml. of the feeding 
solution after each addition of small increments of 0.001 normal sodium hydroxide. The 
maximum volume of sodium hydroxide added l)etw"een pll determinations was 0.50 ce. As 
the buffer capacity detweased, smaller increments of sodium hydroxide were added until, at 
the point where the buffer value was least, only 0.01 cc. of sodium hydroxide was added 
between pll determinations. The pH values were idottod against the total volume of 
sodium hydroxide added. The volume of 0.001 normal sodium hydroxide required to bring 
5 CO. of the feeding solution to the same pH value as that of the drop on which the leaf 



Drop Number 

(Feeding period 5 mini, on each drop) 
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It is evident from the figure and the data presented in table 1 that 
the equivalents of hydroxyl ions injected into the first, second, and third 
drops are large compared to that injected into the remaining drops. 


TABLE 1 .—The secretwn of hydroxyl ions hy partly desiccated beet leaf hoppers 
while feeding on a slightly buffered sugar solution 


Drop 
(0.01 cc.) 

OH ions secreted into each drop 

Calculated pH of drop of water con¬ 
taining same equivalents of OH ions 



Db 

D 

Leaf hopper 

D 




C 

No. 

Equivalents 



pll 


1 

70 

44 

58 

54 

10.85 

10.64 

10.76 

10.47 

2 

58 

42 

47 

23 

10.76 

10.62 

10.66 

10.36 

3 

54 

22 

36 

14 

10.73 

10.39 

10.56 

10.14 

4 . 

34 

33 

38 

12 

10.53 

10.51 

10.58 

10.01 

5 

30 

24 

33 

6 

30.48 

10.38 

30.52 

9.78 

6 

44 

24 


3 

10.65 

10.38 

10.77 

9.50 

7 

30 

24 


12 1 

10.48 

10.38 


10.08 

8 

24 

18 

57 

^ 1 

10.38 

10.26 


9.78 

9 

18 

15 



10.26 

10.18 



10 . 

24 




10.38 




Total 

368 

246 

269 

130 

11.5JK 

11 . 39 c 

11. 43 c 

11.11' 


•Leaf iioppors fed 2 niinutos on each drop. 

Leaf lioppcrH fed 5 minutes on each drop, with one exception. l..(‘af hopper C fed 15 
minutes on drop number 6. 

cThe (calculated) pH that would result if all the hydroxyl ions, secrett‘(l by the leaf 
hopper, were concentrated in one drop (0.01 cc.) of water. 

If the leaf hoppers are allowed to feed for longer periods on the same 
drop of feeding solution, the equivalents of hydroxyl i(ms injected are gen¬ 
erally greater. A typical example of this is shown by leaf hopper C. This 
insect, after feeding 5 minutes on each of 5 droi)s, was allowed to feed 15 
minutes on the 6th drop. 

DISCUSSION 

If it is assumed that the saliva of the leaf hopptu* is diluted 1000 times 
when injected into a drop (0.01 ec.), then 1 x lO '* ce. of leaf-hopper saliva^ 
containing the 70 x 10 equivalents of base was injected by leaf hopper A 
into the first drop of feeding solution. If tliesc* assumptions are used, cal¬ 
culations show that the total concentration of bases in the leaf hopper’s 
saliva would be about 0.7 normal. 

The actual volume of saliva injected into the drop of feeding solution is 
not known. Nevertheless, the volume of saliva that was injected into each 
drop contained the number of equivalents of hydroxyl ions shown in table 1. 

hopper had fed, was read from the buffer curve. The equivalents of hydroxyl ions required 
to change 0.01 cc. (one drop) of the feeding solution over the same pll range was then 
calculated. In this way the equivalents of hydroxyl ions injected into each drop of feeding 
solution by the leaf hoppers were determined. 

^ The average weight of a female leaf hopper is approximately 0.0015 gram. If the 
leaf hopper ejects IxlO -' cc. of saliva (density assumed to be 1.0) into each drop of 
feeding solution this volume would amount to approximately O.OO per cent of its weight. 
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As proteins in general are quite inefficient buffers and their presence in 
the saliva probably would have little effect on the buffer capacity, it appears 
that the leaf hopper’s saliva is highly buffered with inorganic salts. 

It is evident that the pH of tlie nondiluted saliva would be greater than 
when liighly diluted. Prom this it appears that the pH of the nondiluted 
saliva of desiccated leaf hoppers would equal at least the values shown in 
table 1, or higher. The dissociation of sodium and potassium carbonates 
and the tertiary phosphates of sodium and potassium are suflScient to 
account for these pll values. 

It seems logical that the total salinity and the pH of the blood of the leaf 
hopper must be maintained within narrow limits. If this be true, then, as 
desiccation proceeds, it seems reasonable that water would not be spared to 
eliminate the salts through the alimentary tract. If the salivary glands are 
the nvservoir for the excess salts of the body fluid, then it would seem logical 
that the salts would be eliminalfnl most rapidly hy ejecting saliva containing 
tlie salts during feeding. 

Bennett and Wallace (3) found that, when leaf hoppers were kept with¬ 
out food and water 18 hours or longer and then allowed to feed 6 minutes on 
each of 20 seedling beets consecutively, tin* percentage of infection was low 
for the first period, increased somewhat in the secoiid, and rose in the third 
to a level that was then maintained. They state: “Starvation combined 
with a certain amount of desiceatioii may liave brought about certain 
changes that tended to inactivate any virus that might hav<» be<*u held in the 
salivary glands; lienee the usual amount of infection could have been pro¬ 
duced only after these conditions were corrected.” It may be that the high 
concentration of IiydroxyJ ions in the saliA^a of partly desiccated leaf hoppers 
r(*snlts in inactivation of much of the virus then in the salivary glands. 

SUMMARY 

The saliva of beet leaf hoppers that had been kept without food or water 
18 to 24 hours c«)iitained a high concentration of liydroxjd ions. Measure¬ 
ments and calculations sluw that the pH of normal leaf hoppers’ saliva is 
greater than 10 and may reach approximately 31 in the saliva of desiccated 
leaf hoppers. 

U. S. SuoAR Plant Field LABOiiATORY, 

Riverside, California. 
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SWEETCLOVEB, A PKOBABLE HOST OF TOBACCO 
STREAK VIRUS^ 

W, D. Valleau 
(Accepted for publication January 6, 1940) 

Streak, a virus disease of tobacco, has been observed in Kentucky since 
1923 but until the past three years outbreaks were so rare that it was given 
but little attention. In 1932 the disease was named and pliotographs from 
an outbreak that occurred in 1923 in Marion County, Kentucky, in topped 
tobacco were published.^ In 1933 E. M. Johnson transmitted the virus 
from an affected plant in the field to a plant growing in the greenhouse 
by grafting,® The graft was made July 16 and symptoms developed in a 
sucker August 15, 1933, thus proving the virus nature of the disease. In 
1935 J. Johnson^ publislied a comprehensive study of the disease and also 
named it streak. During the past 3 years reports of serious outbreaks 
of the disease have been received from county agents and farmers. Three 
fields have been seen in which streak was scattered throughout extensive 
plantings with percentages of 10 to more than 50 in the middle of the fields. 
Usually, streak is limited to a few plants at the edge of the field or to s(*at- 
tered plants in the field. The worst outbreaks of the disease have been 
reported from Boone, Pendleton, Grant, and neighboring counties in tbe 
extreme nortliern part of the State, but it is generally slate-wide. 

The virus of streak is transmitted with difficulty mechanically, if at all, 
unless very recently invaded necrotic tissue is used as inociilnni’*; and 
even then the percentage of positive transfers may be low. 

Tobacco usually does not live through the winter in Kentucky, and 
the virus does not appear to be seed transmitted; therefore, it seems 
obvious that it has some other host, which is at least biennial, and that an 
insect vector must be concerned. 

S\CEETOLOVKR A PROBABLE SOUR(^E OF STREAK VIRUS 

Sweetelover {Meliloim alha) is affected by a virus that we liave been 
unable to transmit mechanically to tobacco. It is characterized by chlo¬ 
rosis and sometimes chloritic or necrotic ring and line patterns. The virus 
is commonly observed in small patches of sweetelover and in sweetelover 
that is pastured or mowed, but in extensive undisturbed plantings the 
disease usually is not evident. Observations of outbreaks of streak in 

1 The invoatigation reported in this paper is in connection with a project of the Ken¬ 
tucky Agricultural Experiment Station and is puhlislied by permission of the Director. 

a Valleau, W. !)., and E. M. Johnson, Tobacco Diseases in Kentucky. Kentucky 
Agr. Exp. Stat. Bull. 328: 111-154. 1932. 

a Unpublished. 

Johnson, J., Tobacco streak, a virus disease. Phytopath. 26: 285-292. 1936. 

5 This suggestion was obtained from J. Johnson, who used the method in his studies 
of the streak virus. 
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Pendleton County, where sweetclover g:rows along roadsides and in waste 
areas and is used as a soil-building crop, suggested to the writer in 1937 
that there was a relation between outbreaks of streak in tobacco and sweet¬ 
clover, as, near each field where streak was severe, sweetclover was found. 
Many observations since that time in northern, central, and western Ken¬ 
tucky have indicated that where streak occurs sweetclover may be expected 
to be found in the immediate vicinity. Sweetclover is not a common weed 
in Kentucky, except in the northern part of the State where limestone 
outcrops. In other parts of the State it is sometimes a roadside weed. 
Several specimens of streak in Burley tobacco have been received from 
Burley-tobacco growers in Missouri, and, in each ease, inquiry revealed that 
sweetclover was growing adjacent to the affected plants. 

Following the writer visit to Pendleton County on July 20, 1937, 
C. E. Bortner calle<l his attention to a severe outbreak of streak in Burley 
toba(*co in a recentl}^ established tobacco rotation on the Experiment 
Station farm at Lexington, where tobaccjo was growing for the first time 
in a plot adjac'cnt to 2nd-year sweetclover. Whereas in previous years 
not over 3 or 4 streak plants had been found any year on the farm in 
about 50,000 plants, this small plot (150 plants) had 13 streak plants on 
that date and, in the following 2 years, streak was abundant in comparable 
plots (Table IL In 1939, .12 per cent streak developed in the remainder 
of the rotation series, but 10 of the 15 streaked plants were within a short 
distance of sweet(*lover plots. 

TABLE 1St real' in Burh'if (ohaeco growing adjacent to seeofuhyear sweetclover 


Year 

Plat no. 

No. of j 

streak ! 

plants ; 

Pereentage 1 
streak in ! 
plots 1 

Percentage streak in 
other plots 

193(>« I 


0 1 

0.0b , 


1937 ! 

r>29 

25 i 

36.0 

.035 

1938 1 

(>29 

32 

23.3 


1939 

72!. 

33 

22,0 

.32 in 13,650 plants 


ft No s(*eond-,y(*i»r swoctclovor was present in the entire scries, 
b Counts were made hr C. E. Bortner. 

The relatively high percentages of streak for each of 3 years, in tobacco 
growing within 20 feet of sweetclover plants, and the extremely low percent¬ 
age in the remainder of the series and on other parts of the farm year after 
year give nearly conelnsive proof that the virus was transmitted from the 
sweetclover. The weed population in the sweetclover would certainly be 
duplicated on other parts of the farm. It also suggests that the insect vector 
travels relatively short distances, or, if it travels longer distances, seeks 
other host plants than tobacco. Infection in tobacco occurs at about the 
time, sw^eetclover seeds are forming, suggesting that, because of the harden¬ 
ing of sweetclover, the vector is forced to seek other food plants. It is 
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unlikely that tobacco is one of the preferred hosts of the vector, so that 
infection on tobacco is probably purely accidental. 

That the jrrowiuj^ of sweetclover in extensive plantings is not necessarily 
a menace to tobacco growing in the vi(*inity is indicated by the following; 
observations: A tobacco grrower in Woodford County has, for 18 years, 
grown tobacco following a rotation of wdiiter wheat, sweetclover, and weeds 
for about 3 to 5 years. He does not disturb the sweetclover in any way, 
such as by cutting or pasturing, until it is plowed for tobacco. There ai*(' 
both one- and two-year sweetclover in tliese fields, as the ground contains 
tpiantities of seed. The rotation is excellent because the value of the 
Burley crop has increased each rotation during this period. Although 
lobac(*o is frecpiently grown near sweetclover, streak plants are extremely 
rare on two farms handled in this manner, but an occasional affe(*ted plant 
has beeii found. The sweetclover appears to be relatively free from virus 
disease. The supposition is that the insect vector, not being disturbed by 
stock pasturing in the sweetclover, or by mowing, does not move great 
distances. Consequently, the virus is not spread rapidly and the majority 
of vectors remain nouviruliferous. When the old sweetclover dies there is 
an abundance of young plants on wrhicb to feed. 

In contrast a field of toba(*co in the same <»ounty was observed a ])art 
of which Avas growing next to a railroad where scattered ])lants of sweet¬ 
clover were giewing. The grower insisted that the sweetclover be mowed. 
About 2 waeks later, 29 per cent of tlie tobacco plants in sintu’al row^s 
parallel to the railroad were aflFected with streak, while the tobacco in the 
same planting about 50 yards aw^ay had only scattering streak ])lants. 
Evidently either the mowing or maturity of the sweetclover made it neces¬ 
sary that the vector move and it had migrated into the nearby tobacco, 
fed, and transmitted the virus. 


( ON(’LUSlONS 

These observations, wiiile not conclusive, indicate that sw^cetclover is 
probably the liost from which an insect vector carries the streak virus to 
tobacco growing in the vicinity. Boadsidc i)lauts or scattered sweetclover 
plants in waste places seem more likely to become infected, and to act as 
sources from which toba(*co may become infected, than extensive sweetclover 
plantings, if these are not disturbed by grazing or mowing. Sweetclover 
sowed in fields not w^ell stocked w^itli sw^eetclover seed might be a source 
of infection of nearby tobacco because of migration when the sweetclover 
became tough during ripening. The presence of young clover might pre¬ 
vent migration. It is probable that the destruction of second-year sweet¬ 
clover in the immediate vicinity of fields to be planted to tobacco, before 
the tobacco is planted, will result in control in areas where the disease has 
proved injurious. 

Kentucky Agricultural Experiment Station, 

Lexington, Kentucky. 



DIAPORTHB VACCINII, THE ASCIGBROUS STAGE OP PHO- 
MOPSIS, CAUSING A TWIG BLIGHT OF BLUEBERRY 

Marguerite S . Wilcox 
(A ccepted for publication January 8, 1940) 

INTRODT^CTION 

Jii the writer reported the oceiirreiice of a Phoniopsis twi^ blight on 
the cultivated blueberry, Vaccinium corymhosum L., in both Massachusetts 
and New Jersey.^ In a later paper‘d this blueberry twig-blight fungus was 
shown to be identical with Phomopsis vaccinii, the imperfect stage of Di- 
ajxn the vaccinii Shear, which causes a serious decay in the fruits of the 
cranberry, Vacrinium macrovavpon Ait. The present paper reports the 
development of the i)erithecial stage in cultures of th(‘ blueb(Try twig-blight 
Photnopsis and its identity with Diaporihv vaccinii,'^ 

SOURCE OF CUtiTITKES 

(hiltures in wliich perilhecia developed were obtained from the following 
sources: Subcultures from original isolations made in Ithlb from small 
sterilized pie<*es of naturally blighted blueberry shoots; the pulp of decayed 
cranberry fruit; and r(‘isolHtions of the Phomopsis from diseased areas of 
artificially iufect(»d bluc'berry plants. Cultures were made on cornmeal agar 
in duly, 19d8; and, in October, while producing only pycnidia, 17 were 
placed out of doors at the United State Horticultural Station, Beltsville, 
Maryland, and not again (*xamiu(Hl until February, 1939. 

All the cultures were then found to have occasional small, thick, stroma- 
like bodies, black on the (exterior, partly or wholly embedded in the sub¬ 
stratum (Fig. 1, C, a and b), in which were Phomopsis pycnidia and peri- 
th(‘cia of thi‘ Dniporthe type, either together in the same stroma (Fig. 1, B, 
a and b) (*r in separalt* stromata (Fig. 1, A). The occasional formation of 
pycnidia and peritlu'cia in the same stroma is a cultural characteristic of 
ei’anberry isolates of Diaporthe porcinii, Peritlu^cia-bearing stromata con¬ 
tinued to form for s(‘veral months in these cultures, kept in a refrigerator 
at a t(*mperature of 8*^ C. Single-ascus transfers from cultures made origi¬ 
nally from naturally blight(*d blueberry shoots lat<T produced the ascigerous 
stage at room t(*mperature. 

In the original description^ of Piaporfhr raccinii, Shear’ states that 

I Wiloox, Marguerite S. Notes on Mneberry fungi. V. B. De]>t. Agr. Bur. Plant 
Indus. Plant lbs. Kptr. 20: 10C)-I07. 39J(i. 

- Wilcox, Marguerite B. IMioinopsis twig bliglit of bluebcrrv. Phvtopath, 29: IJO- 
142. 1939. 

Shear, C. L., N. E. Stevens, and Tf. F. Bain. Fungous diseases of the eultivated 
cranberry. U. B. J)ept. Agr. Tech. Bull. 258. 1931. 

4 stromata on cranberry fruit, and in culture, but separate and without any trace 
of stroma on dead cranberry vines; perithecin on stems pow between bark and wood, with 
eccentric iicck protruding tiirougli the bark, nearly hemispherical, 0.3-0.5 by 0,2-0,4 mm.; 
wall two to stwcral cell layers thick, black, carlnmons; on decayed berries i>erithecia in 
stromata, with long perithocial nwks ])rotruding in all directions from folds of the shriveled 
berry; in cornmeal agar cultures x>erithccial stromata are partly embedded, about 1.5-2 mm. 
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Fia 1. Diaporthe vacoinii in cornme!i] agHr Gulturo9, A. JVrithocium in stroina em¬ 
bedded in agar. Isolate from naturally blighted blueberry shoot. xl,'15. B. Cross see- 
tion of stroma embedded in agar. Koisolatcd from artificially inf(*eted bluelierry plant, 
a. Perithecia. b. Pycnidia. x56. C. Cultures of Diaporlhc vaccinn. a. Prom naturally 
blighte^ blueberry shoots, b. Prom pulp of decayed cranberry fruits, x ii. 

the peritliecia are formed in stromata on cranberry fruits and in culture, 
but separate and without any trace of stromata on dead cranberry vines. 
The ascigerous stage of Phomopsis vaccinii has not been found on the blin‘- 
berry in nature; consequently, it is not known whether tlie perithecia sliould 
be expected to occur separately (not in stromata), as is the case on cran¬ 
berry. 

In cornrneal-agar cultures of the blueberry isolates, the i)crithecia are 
definitely stromatic, and both stromata and perithecia appear to be iden- 

in diameter, with numerous beaks growing to a length of 0.5 mm.; pcrithecial necks several 
cells thick, heavy-walled, black, carbonous, copiously supplied with upward-directed hairs; 
asci oblong fusuid, sessile, 37-51 by 6.8-11,7 |x, apex tliickened and pierced by a narrow 
pore; spores irregularly biseriate, ellipsoid, obtuse; 2-celled, slightly constricted at the 
septum, each eell typically biguttulate, 8.8-11.8 by 2.4-3.4 p/’ (p. 7) 
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tical with the ascigerous stage of the cranberry Diaporthe, as described by 
Shear, from cultures.*' The production of stromata containing both pyc- 
nidia and perithecia (Fig. 1, B, a and b) and the elongated thick-walled 
ostioles copiously supplied with upward-directed hairs (Fig. 1, A) are addi¬ 
tional evidence of the identity of the isolates from the two hosts. The asci 
are oblong, fusoid, sessile with narrow pores, 32-48 by 5.8-9.6 p; spores 
2-celled, slightly constricted, and biguttulate, 6.4-12.8 by 2.5-4.2 p (Fig. 2). 



FJ(;. 2, Diaporthr vacvniii. Asci and aseospores from blueberry isolate grown on 
cornmoal agar, x 1300. 

At tlie same time comparative measurements were made of Diaporthe 
vacchiii from cultures made from the pulp of decayed cranberry fruits. 
The asci were 35 45 by 6.4-9 p, and the spores 6.4-11.6 by 3.2-3.8 p. The 
asci and spores, tlie formation of perithecia in stromata, and all cultural 
characteristics of Diaporthe from the blueberry isolates appear identical in 
every respect with Diaporthe vaccinii Sliear,"* the cause of a decay in cran¬ 
berry fruits. 

U. S. Hokticultural Station, 

BeLTSVILLE^ MARYIiANI). 
footnote 3 



THE RELATIONSHIP BETWEEN VIRUSES OF POTATO CALICO 
AND ALFALFA MOSAIC 

L. M. Black and W. C. Prmms: 

(Accepted for publicntion Dec. 5, 1939) 

It was observed that potato-ealieo virus produces symptoms in Nicotiana 
glutinosa L. very similar to those caused by alfalfa-mosaic virus (Marmor 
medicaginis H.)^ in tlie same host plant. This observation su^jrested that the 
two viruses miglit be closely related. It is tlie purpose of this pai)er to point 
out tlie similarities and differences in the symptoms of the tw^o disejises and 
to report the results of cross protection tests. The investipition showed that 
the two viruses, although distinct, are indeed closely related. 

VIRUS STOCKS 

Potato-calico virus was obtained from E. 8. Schultz. It is ajiparently 
identical with that studied by Porter (5, 6, 7) and Dyksira (2). On tlie basis 
of svmptomatology. Porter (6) distinguished between the vii*uses of potato- 
calico and potato-aucuba mosaic {Marmor anniha , Dykstra (2) likewise 
distinguished between these viruses and re])orted further that potato-calico 
virus is apparently unrelated to the viruses of potato-aucuba mosaic and 
Canada-streak (M. aucuha H. var. canadensc, n. var.),*^ a conclusion which is 
confirmed in the present paper. 

Alfalfa-mosaic virus was secured from II. T. Osborn. It is believed to be 
the same as or a closely related strain of that studied by Zaumeyer and Wade 

(10) and Zaumeyer (11) and designated by the latter as alfalfa-mosai(* virus 
1. The literature is somewhat confused as to whether there are one or two 
alfalfa-mosaic viruses. Pierce (4) distinguished between the alfalfa-niosai<* 
virus studied by Weimer (8, 9) and that studied by himself and accordingly 
referred to the viruses as alfalfa viruses 1 and 2, respe(*ti\'ely. Zaumeyer 

(11) , on the other hand, considered Weimer’s virus and Pierce^s virus to be 
the same and referred both to alfalfa-mosaic' virus 1. The writers agree tliat 
there is insufficient evidence for distinguishing between alfalfa viruses 1 
and 2. 

COMPARATUT!: SYMPTOMATOUIG V 

Both potato-calico vii-us and alfalfa-mosaic virus were transmitted to sev¬ 
eral species of plants by the rubbing method of inoculation. In most <*ases 
carborundum was employed. Both viruses were readily transferred frojii 
young Nicotiana ghitinosa plants to other plants of tlie same species. They 
produced almost identical symptoms after an incubation period of 3 to 4 days. 

1 Latin binomials used in this paper are based on the system of nomenclature in the 
Handbook of Phytopathogenic Viruses (3). 

2 It has l»een shown (1, ii) that the viruses of potato-aucui>a mosaic and Canada-streak 
are related. The comparative symptomatology of the induced diseases clearly indicates 
that the viruses are not identical. For this reason, it is felt that the Canada-streak strain 
of virus should have varietal rank. The name canath nse, suggest<*d by the common name, 
seems appropriate. 
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A. gluiinosa pi*oved to be a useful test plant aud a good source plant for both 
viruses. On beaus (Phascolus vulgaris L. var. Early Golden Cluster and 
Corbett Refugee) and on Black Eye eowpea {Vigna sinensis Bndl.) they i>ro- 
duced the same t 3 ’pe of iieerotic' primary lesion. On beans, lesions sometimes 
appeared within 24 hours after inoculation. Both viruses prodnc'ed necrotic 
j)riinar.v lesions followed b,y a systemic streak disease in broad bean (Vida 
faba L.). On seedlings of Green Mountain i)otatoes (Solanum tuberosum 
L.), they produced similar symj)toms btit the symidoms of j)otato-calico virus 
were more severe than those caused b.y alfalfa-mosaic virus. Both viruses 
caused mottling and necrotic vein-banding in crimson clover (Trifolium 
incarnaium L.) and in red clover (T. pratensr L.). Both produced a mot¬ 
tling disease in white (*lover {T, repens L.), and bright .yellow spotting in 
leaves f>f the Improved Long Green cucumber (Cuctimis sativus L.). The 
similarity in the i-ather distinctive reactions of the 2 viruses in these hosts 
strongly suggested that they might represent strains of one virus. 

That potato-calico and alfalfa-mosaic viruses are not identical is shown 
b}' the fact that the former is the milder of the two in Nicotiana glutinosa, 
(‘rimson clover, and red clover, whereas the latter is the milder in potato. 
Moreover, under (‘om])arable conditions, the potato-calico virus produces 
fewer lesions in kidn(\v beans, broad beans and cowpeas than does alfalfa- 
juo'^aic virus. 

(’ROSS PROTECTION TESTS 

Cross-iuoculati(ni (*xperiments were made on Nicotiana glutinosa and 
N. tabacum L. vai*. Turkish. It should be pointed out that in N, gluthiosa 
both x'iruses cause diseases showing an acute stage with sevcu’c s^'mptoms 
fo]low(»d bv a chronic* stage with mild s 3 mi})toms. Groups of six .voung N, 
glutinosa plants were inoculated with one or another of the viruses causing 
the following diseases: Alfalfa-mosaic, })otat{>-(*ali(»o, ])otato-ringspot ((*aused 
b.v Marnufr dubiuni H. var, annulus II.), cucumber-mosaic (caused b.v M, 
cucunuris H. var. vulgare H.), and Canada-streak. Juice from health}' N, 
glutinosa ])lants was rubbed over the leaves of six additional i)lants. Twelve 
days later, when the inoculated plants were s^'stemicallN' infected, timee upi)er 
leaves on (‘acli of tliiw i)lants in (»a<*h grouji were inoculated with .iuice from 
A. glutinosa plants inftvted with alfalfa-mosaic virus. Lc^aves on the remain¬ 
ing thiTC control plants in each grouj) were similarh' rubbed with juice from 
health}' A. glutinosa plants. The plants were observed foi* two w(^eks. None 
of the (‘(rntrol plants rubbed with juice from h(»alth}' plants develo])ed addi¬ 
tional symptoms. Of the leaves rubbed with juice containing alfalfa-mosaic 
virus, those j)reviousl}' infected by potato-calico virus or alfalfa-mosaic virus 
W'ere alive and gi-een at the end of this period; the others were dead or 
moribund. Moreover, the new" l(*aves on the plants previously infected with 
potato-cali<*o or alfalfa-mosaic showed no symptoms in addition to those char- 
acteristic of the chronic stages of these diseases wdiile new' leaves on the other 
plants developed systemic mvrotie lesions typical of the acute stage of alfalfa- 
mosaic. 
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Similar results were obtained when plants of Nicotiana tahacum var. 
Turkish that had previously been infected with the potato-calico virus were 
inoculated with alfalfa-mosaic virus. The inoculated leaves of these plants 
developed no necrotic primary lesions, whereas leaves of previously healthy 



Fig. 1. Loaves from a cross inoculation test on Nicotiana tahacum var. Turkish. 
Both leaves were inoculated with alfalfa-mosaic virus. The loaf on the right had pre¬ 
viously been healthy, that on the loft had btH^n invaded by the virus of potato calico. The 
symptoms of potato calico were mild and do not show in the photograph. (Photograph 
by J. A. Carlile.) 

plants (Fig. 1) or plants infected with cucuniber-rnosaic virus developed 
many such lesions. 

The jirotection described above is considered good evidence that potato- 
calico and alfalfa-mosaic viruses are closely related. The potato-calico virus 
is, therefore, (dassified as a strain of Marmor medicaginis and given the 
varietal name solani from NL. Solanum, generic name for tlie potato. Al¬ 
falfa-mosaic virus should be designated as M. medicaginis H. var. typicum 
n. var. to distinguish it from the potato-calico strain of the virus. • 

SUMMARY 

Potato-calico virus and alfalfa-mosaic virus produce similar but not iden¬ 
tical symptoms on Nicotiana glutinosa L., Phaseolus vulgaris L., Vicia fdba 
L., Vigna s'tnensis Endl., Solanum tuberosum L., Trifolium incarnatum L., 
T. pratensc L., T. rei^ens L., and Cucumis saiivus L. 
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Plants of Nicotiana glutinosa and N, tdbacum infected with potato-calico 
virus are refractory to infection with alfalfa-mosaic virus. Potato-calico and 
alfalfa-mosaic viruses are, therefore, considered to be closely related and the 
potato-calico strain is named Marmor medicaginis H. var. solani n. var. 
Plants affected by potato-ringspot, cucumber-mosaic or Canada-streak are 
susceptible to infection with alfalfa-mosaic virus. Therefore, the viruses 
causing these diseases are not thought to be closely related to alfalfa-mosaic 
virus. 

Prom The Department op Animal and Plant Pathology of 
The RockefeijLer Institute for Medical Research, 

Princeton, New Jersey. 
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AN INCUBATING CAN FOR LABORATORY OR FIELD USE 

Freeman Weiss and Floyd F* Smith 
(Accepted for publication Dec. 4, 1939) 

The advantages of glass for many kinds of laboratory receptacles must 
sometimes be sacrificed for materials of greater durability in work carried 
on ill temporary laboratories or in the field, and initial cost, as well as re¬ 
placement costs, may also become important. Metal receptacles have not 
been widely used in place of glass because of the unavailability of a range of 
sizes and forms, the tendency of ordinary tinned iron vessels to corrode, and 
the expense of noncorrosive metals. Improvement in lacquering processes 
is now overcoming some of these difficulties. 

In connection with investigations of azalea flower spot {Ovulinia azaleas 
Weiss) carried on in an improvised field laboratory at Magnolia Garden, 
near Charleston, South Carolina, from 1936 to 1939, we had occasion to keep 
a large number of flowers under observation for periods of several days up 
to 2 weeks. It was essential that each sample be segregated to prevent acci¬ 
dental infection, and it was desirable that all samples be kept under approxi¬ 
mately uniform conditions of temperature and atmospheric humidity. Cel¬ 
luloid cages were first tried for this purpose in the form of a cylinder about 
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10 inches higli and 5 inches in diameter mounted on a wooden base, which 
inclosed the neck of a 6- or 8-ounee bottle. For our purpose these proved too 
bulky, expensive, and difficult to clean and they had the fiirtlier defect of 
contributing some toxic emaiiatioii to the atmosphere within the cag(» so tliat 
a very low proportion of infection was obtained. 

Tin-plated 1-lb. coffee cans were next tided. A 2-dram homeopatbie vial 
was fastened to the inside next the bottom, using either a strip of adhesive 
tape or a wire passing tlirf)ugh the wall with the ends twiste<l together out¬ 
side. The vial was buttressed with high-melting-point paraffin so as to form 
an even slope from its moutli to the bottom of the can and thus eliminate 
crevices at its base, which would be difficult to clean. In use, the vial was 
filled witli ’water from a rubber syringe, and an azalea twig bearing 1 to 4, 
usually 2, flowers was inserted. A piece of })aper towel w^as placed on the 
bottom of the can to take up any excess wat(*r. Th(‘ flowers W(‘i'(‘ exposed 
to insect contact or inoculated in various w^ays, and were usually atomized 
with water before the cans w(*re covered and set away. Infection by Ova- 
linia was readily obtained when only a small dro]) of a spore suspension in 
water “was placed with a pipette on each petal, without atomizing. Such 
drops usually persisted, without evaporating, for at least 24 hours. Freshly 
cut azelea flowers remained in good condition in thes(‘ cans for 8 to 12 days, 
which was more than ample for tln‘ recpiired observations. About 200 of 
these cans could be stacked in an improvised thermostatic case*, api>roxi- 
mately 40 inches in each dimension. The eonsisteJicy and uniformity of 
infection obtained in replicate samples throughout the case showed that the 



Fig. 1. Incubating can with vial as water reservoir and metal ring ami eelluJ<»id disc 
as cover. 
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requirements of homo^eiKwis moisture and temperature conditions were 
well met. 

An improvement in this type of can was found in a lacquered can in¬ 
tended for the sale of a corn chip or cracker. This can was 4 in. in diam¬ 
eter and 4| in. hig:h (Fijr. 1). The lacquer prevented rustinj?, and the top, 
instead of depending on friction, was provided with a grip lock, easily re¬ 
movable yet capable of firm attachment. These cans could be carried, in 
cartons of 24, into the field on dislant collecting trips; they were light, 
unbreakable, and not easily upset. 

These “incubating cans” have bc^en used for experimental inoculations 
with other fungi, including VAadosporinm paeoniae, Pnvcmia malvaceammy 
etc. Small cut shoots and stalked leaves keep in good condition in them up 
to 2 weeks or longer. Suitable atmospheric humidity for infection seems to 
be more uniformly maintained in this type of vessel than in the usual moist 
chamber or bell jar, because of the tight cover and the relatively small 
surface* on which condensation of moisture can occur. 

The cans can b(* satisfactoril}’^ cleaned for most pnrpos(‘s by thorough 
washing with soap and water, but if one wants to dispense with the paraffin 
buttress around tlu* vial, they may be sterilized in an autoclave or a drying 
oven. Exposure to 15 pounds of steam pressure did not visibly affect the 
lacquer, and heating at 24^*^ C. for hours in a drying oven only dark¬ 
ened it. 

For exi)erimental inoculations influenced by light, the top of the can may 
be cut out on a latlu* or with a circular metal cutter to form a ring, and a 
disc of celluloid inserted between the can and the cover. 

The cost of these cans, when obtained from the manufacturer in quanti¬ 
ties of 5000, is apiu-oximately 4i cents each, as compared with 25 cents to 
$i.00 for Petri dishes and glass “moist chambers. 

lli’REAus OE Plant Iniutstky, and of Entomology and 
PIjAnt Qi^arantine, 

U. S. Department of A<u<u’rLTrRE, 

Wastiington, 1). C. 

PHYTOPATHOLOGICAL NOTES 

Losses from Bnni of Wheat in the United States. —The difficulty of 
estimating eroj) losses caused by disease is admittedly so great that there 
exists some skei^ticisnx as to the validity of the published estimates. It is 
apparent then that any evidence making it possible to check some of these 
estimates against another method of measuring disease losses, is worth con¬ 
sideration. In figure 1, A, are presented the estimated lo.sses from bunt 
of wdieat in the United States, as compiled from re}>orts from collaborators 
of the Plant Disease Survey, and the percentage of all ears grading smutty, 
as indicated by reports of federal grain inspectors. The accuracy of these 
reports of federal inspection and their usefulness as a source of plant- 
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disease information have been commented on elsewhere,' and Haskell and 
Boemer’* have noted specifically the correlation between the amount of bunt 
in the field and the smuttiness of threshed grain. 

The figures for percentage of all cars grading smutty have been com- 



Fig. 1. A. Estimated losses from bunt of wheat in United States (reporting area) 
1917-1937 and jiercentage of cars grading smutty at all terminals, 3928-1937. B. Esti¬ 
mated losses from smuts of wheat and rye in United States (reporting area) 1917-1937, 
compiled from reports from collaborators of the Plant Disease Survey. 

puted for all the different kinds of wheat, beginning with the season of 
1928-1929, and were given to the writer by Fred G. Smith, Chairman of the 
Educational Committee of the Office of Federal Grain Supervision. From 

1 Stevens, N. E. Incidence of ear rots in the 1916-1933 corn crops. U. S. Dept. Agr. 
Bur. Plant Indus. Plant Dis. Eptr. 19: 71-93. 1935. 

2 Haskell, E. J., and E. G. Boerner. Eelation of stinking smut of wheat in the field 

to smuttiness of threshed grain. U. S. Dept. Agr. Bur. Plant Indus. Plant Dis. Eptr. 
Sup. 79:1-5. 1931. 
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these we have computed the figures for the United States as a whole. When 
compared with the estimated losses in wheat caused by bunt, it is evident 
that the two show, in general, the same trend—a decline in the abundance 
of bunt in the United States during recent years. When it is remembered 
from what wholly different sources these figures are derived, and that a 
number of States are not included in the crop-loss estimates, the agreement 
certainly appears significant. 

The same sources of information afford a means of checking the relative 
smut-induced losses in wheat and in rye. Among the special grades’’ the 
definitions of ‘‘smutty” are identical for wheat and for rye,^ and smutty 
cars of rye are occasionally reported. The number of cars of rye grading 
smutty during the decade for which figures are available has, however, been 
too small to be recorded on the graph. This difference in the disease re¬ 
lations of the two crops agrees with the reports of the collaborators of the 
Plant Disease Survey (Fig. 1, B). 

Comparison of A and B of figure 1 shows how large a part of the total 
estimated loss from smuts in wheat in the United States during this period 
was due to bunt.— Neil E. Stevens, University of Illinois, Urbana, Illinois. 

Coniotlu/riurn fuckrlii Save, on Roue Leaves. —^Young leaves of rose, 
variety Joanna Hill, which had been inoculated with Diplocarpon rosae and 
kept floating on sucrose solution for 7 days, revealed p.ycnidia of some other 
fungus within the black-spot lesions. This fungus was identified as 
Coniothyriuni fuckdii Sace. It was isolated, and inoculated into rose canes 



Fig. 1. Pycnidia of Coniothifrivm fuckelii within black-spot lesion caused by BiplO’ 
carpon rosae. Photographed two weeks after inoculation, x 4J, 

3 Handbook of OIHcial Grain Standards of the United States. U.S.G.S.A.—Form 
No. 90, Kevised June, 1937. 


452 Phytopathology [Vol. 30 

wliere it caused lesions typical for those of the steni and "raft canker of 
roses. 

Uninjured younjr leaves of rose shoots of the varieties Joanna Hill and 
Talisman, Avhen inoculated Avith a spore suspension of this funjnis and kept 
for 2 weeks under favorable conditions of temperature and humidity, re¬ 
mained healthy; Avhereas leaves inoculated with a mixture of spores of 
Coniothyriurn fuckHii and Diplocarpon rome bore i)ycnidia of the former 
fuiif^us intermingled with acervuli of the latter Avithin tlie black-spot lesions. 
Pycnidia AA^ei-e found both on the ii]>per and the under leaf surfaces, and 
bore numerous spores. 

It thus seems that Cornoihyrium fnckelii, the causal organism of the 
stem and graft canker of roses, is able to fruit on rose leaves attacked by 
Diplocarpon romc; whether it is able to folloAv other pathogens of the rose 
foliage, lias not been determined. 

Since close inspection is necessary in order to distinguish the fruit 
bodies of the tAVo fungi under discussion, the occurrence of Coniothyriurn 
fuchclii on black-S]lotted rose leaves might have escaped attention, although 
nothing is knoAvn yet as to what extent that fungus does folloAV black spot 
under greenhouse conditions.—K akla LoNcmfiE, Department of Plant 
Pathology, (kdlege of Agri(*ulture, Cornell University, Ithaca, N. Y. 

Hcierothallism in Vcnturia pirina. —The 8 spores of each of 5 asci of 
Venturia pirina Aderhold were isolated in the order of tlieir occurrence in 
the aseus and groAvn in vitro. Petri disiies containing 20 cc. each of 0.5 
per cent malt-extract (Trommer’s) agar plus a decoction of dead pear 
leaves were seeded with (*onidia from these isolates, used singly and in every 
possible pairing Avithin each set of 8. Similar seedings were made on 
sterilized dead pear leaves in test tubes containing a fcAV c(i. of malt-extract 
decoction. The cultures Avere incubated 4 months at temperatures favor¬ 
able for the development of peritJiecia. 

All the isolates ])roATd to be hermaphroditic ami self-sterile. Each set 
is comprised of 2 groups of 4 isolates each, Avhich are intra-group sterile 
and inter-grou]) fertile. Segregation for sexual (‘ompatibility occurred 
alternatively in the first or the second nuclear division in the asciis. Pair¬ 
ings of the isolates between certain sets revealed only 2 (compatibility groups. 
—M. H. Langford and G. W, Keitt, University of Wisconsin, Madison, 
Wisconsin. 

A Preliminary Report on Yariahiliiy and Inheritance in Vcnturia in- 
aegnalis. —The 8 Hscosj)ores of each of 4 asci Avere isolated in the order of 
their occurrence in the ascus and grown on malt agar through 12 successive 
monoconidial transfers made at approximately 8-Aveek intervals. The 
thalli sliowed distinctive morphologii^al characters, whi(di Avere compara- 
tiA^ely constant in culture. Bach set of 8 isolates contained 4 pairs that 
behaved alike, indicating that the third nuclear division in the ascus is 
equational. 
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The patJiojieJiicity of all cultures was studied 2 seasons ou 9 apple vari- 
•eties. Differential varieties were found for all sets. Pathoj^enicity, under 
approximately the same environmental conditions, remained comparatively 
constant. 

A method was developed for growing the ascifrerous sta^e of the fungus 
in vitro. The 32 isolates of the 4 sets fell into 2 groups of 16 each for 
sexual comj)atibility, being self-sterile, intra-groui) sterile, and inter-group 
fertile. Segregation for sexual compatibility occurred alternatively in the 
tirst or .second nuclear tlivision in the ascus. 

Occasional sectoi-s appeared in culture. They grew faster, i)roduced 
fewer conidia, and were less pathogenic than their parent isolates. One 
iiKuted whit(‘ lesions on leaves. In several cases a sector and its parent 
isolate were separately paired in vitro with the same compatible isolate. 
Tin' ascocarps from })airings involving the parent isolates had 8-spore asci. 
Those from 2 ])airings involving sectors had 4-spore asci, indicating that 
these sectors differed from their parent isolates in genetic constitution.— 
(j. W. Keitt and M. II. 1uA.v<?foki), University of Wisconsin, Madison, 
Wisconsin. 

-1 Noh on thf Status of the (Umriv Name VrocysHs. —In the interest 
of stability in nomenclature, ])re.sent trends in mycology and phytopathol¬ 
ogy are definitely towanl adherence to the present International Rules of 
Jlotanical Xomenclature. Strict interimetation of these rules, however, 
^^o^ld Jieccssitate a number of changes in well-known generic names, es¬ 
tablished by usage over many years. To obviate undesirable changes of this 
charactci* provision was made, at the International Botanical Congresses at 
Cambridge and Amsterdam, for a sp<‘eial committee on fungi authorizecl to 
consider the matter of ijemra conservanda. The report of this committee, 
im^luding a list of generic- names i)roposed for conservation, is to be pre¬ 
sented to the next Cougre.ss. Even though it is not yet known when the 
next (;ongress will convene, it seems desirable to continue the work. 

Of the various genera involved, Vrovystis has been of particular interest, 
and has been included in the list of proposed nomina yenerica conservanda 
published by the Nomenclature Committee of the British Mycologieal 
Society.' The Plant Pathological Committee of the same Society also has 
endorsed this propo.sal.- As pointed out in the above reference, the name 
Tnhurcinia is the legal name under the provisions of the International 
Rules, but the following reasons are advanced for conserving Vrocystis 
Ilabenh. (1856) against Tnhurcinia (1832). 

“(1) The name Urocysiis has been well known to, and in frequent use 
by, plant pathologists since there has been a science of plant pathology, and 
should, accordingly, not be discarded without cogent reasons. 

** (2) The disuse of the name Urocystis is not dictated by the accession 
of any new knowledge. It has been known and accepted that Tnhurcinia 

2 Trans. Brit. Myc. Soc. 23; 223. 1939. 

^Loc, cit, 231. "1939. 
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Orobanches is a species of Urocystis since 1877, when it was renamed 
TJrocystis Orobanches, For more than forty years mycologists refrained 
from transferring the species of Urocystis, en bloc, to Tnburcinia, so as not 
to confuse the literature. 

‘‘(3) Since 1887, tlie generic name Tnburcinia Fr. has been used in a 
rather different sense, as if it were founded on T, Tricntalis Berk, and Br., 
a species unkno^vn to Fries. It is still a matter of taxonomic dispute 
whether species of Tuburcinia so used (and none of them are major patho¬ 
gens) are properly classified in the same genus with the species of the 
genus Urocystis,^^ 

For the above reasons the present committee recommends the continued 
use of the generic name Urocystis until such time as an International 
Botanical Congress shall have definitely passed on the proposal to conserve 
it.—Committee on Fungus Nomenclature, G. L. Zundel, Chairman, J. A. 
Stevenson, C. M. Tucker, D. S. Welch, and Erdman West. 

BOOK REVIEWS 

Moore, W. C. Diseases of Bulbs, Bull. 117, Min. Agric. and Fish. Gt. Britain. 176 pp., 
58 figs. 1939. Publ. by H. M. Stationery Office, Ijondon. Pr. 4 s. XT. S. Office, 
Brit. Libr. Information, 270 Madison Avo., New York. Pr. $1.20. 

This publication should go far to dispel anv connotation of mediocrity that often 
attaches to government agricultural bulletins. It is immediately noteworthy as an ex¬ 
ample of skilful and artistic presswork, with fine cpinlity of paper and clear type. The 
58 half-tone illiLstrations are superlative in both photographic excellence and clear repro¬ 
duction. The value of the text for general information and as a reference work is even 
more appealing to one who is familiar with the subject matter. It covers the diseases 
of all the major bulbous crops of the Amaryllidaceae, Iridaeoae, and Liliaceae and 
includes those of such relatively unknown (pathologically) bulbous plants as Colehicttm, 
Convallari-a, Muscari, Ormthor/alumy Scilla, and others. For the parasitic diseases the 
treatment includes not only the customary descriptive and historical material, and .an 
authoritative discussion of control, but also a eomphde mycological account witli au¬ 
thentic information on synonymy, morphology, and life history of the causative organ¬ 
isms. The latter feature should especially commend itself to American students of the 
pathology of ornamentals, since much of the earlier mycological work on bulbs wan 
published in garden and nursery periodicals, which were not adequately indexed in this 
country. Those written in the Butch language have remained largely unknown here for 
want of competent translations. There are 709 literature citations! Practical bulb 
growers and students will find nothing in the English language to compare with it.— 
Freeman Weiss. 

Cook, Melville Thurston. Enfrrmedadrs de las planfas ecounmlcaJt de las Antillas. 

(Translated from the original manuscript by Jos6 I. Otero.) Monograph of the 
University of Puerto Pico (Bio Piedras) Ser. B. (Physical and Biological Sci¬ 
ences), No. 4. 530 pp., frontispiece, 171 figs. 1939. $2.00. 

Although there have been numerous workers in the field of j)hytopathology through¬ 
out that vast area included in Spanish-speaking America, with many and important 
contributions to the science, no general work on the suV)jcct has appeared in the Spanish 
language for this region until the publication of the present volume. 

Pertinent papers have been published quite commonly in the United State.s or 
Europe, usually in languages other than Spanish, or they have appeared in local agri¬ 
cultural journals of limited distribution or in more or less eidiemcral bulletins and reports 
that are relatively unavailable to those in need of the information. 

The present volume becomes the first Spjuiish plant pathology to l>e published in the 
New World. In point of present-day usefulness it is the only such text available from 
any source. Gonzalez-Fragoso, it is true, issued bis Botanica Criptoyamiea Agricola in 
1927, but it is very definitely adapted to the crops and conditions prevailing in Spain, 
has been difficult to obtain, and is now presumably no longer available. Translations of 
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tlio FiH‘iR'h a«d Italian texts of Delacroix and Maublauc, and of Ferraris are decidedly 
obsolete and, of course, were never apjdicablo to new-world conditions to any great extent. 

As the title indicates, the work relates primarily to the Antilles; but jdant diseases 
know no political boundaries, so that it is unfortunately true that most of the ills to 
which the crop plants of the West Indies are heir, likewise occur throughout the troi)ical 
and subtropical areas of the New World. 

It need hardly lx? said that the author is particularly well-fitted for the task involved 
in i)reparing the book, since he has been actively engaged in the study of plant diseases 
for many years. Of 11ns time, some 2b years have been spent in Tropical service iti 
Cuba and Puerto Kico of the (Greater Antilles. Dr. Cook has been very fortunate in the 
translator who has collaborated with him. and whose contribution cousi.sts of far more 
than a mere substitution of Kpanisli words for the Knglish. He has attempted with much 
success to encompass tlie spirit of the original and produce a text adequate in all ways 
to carry out the purpose of the author. In so doing he notes that difficulties were exper i¬ 
enced, not the least of which was the lack of technical terms in the language of Castile, 
wditch necessitated much extra effort in searching for satisfactory terms. 

The author introduces his tr(*atise with a brief history of the subject, outlining it by 
jicrtinent reff‘rences previous to llhlO. After a brief account of the physiology of plants, 
the following 40 ])ages an* de\()ted to a general discussion of the causes, symptoms, 
manner of transmission, and the* control of plant diseases. The body of the work con¬ 
sists of 442 pages, of which 13H, or almost exactly 30 per cent, are devoted to the diseases 
of sugar cane. This amount of s])ace is not at all out of pro]>ortion to the inqiortance 
of this crop in the Antilles. Sareharum and its many diseases have lH*en studied inten¬ 
sively over a long ]>eriod of years, almost to the exclusion at times of other cro])s. This 
<‘()nditioii is reti(‘cted in th(‘ present work, winch summarizes adeiiuately the present state 
of knowledge* of 31 diseases recognized for Cuba and Puerto Kico and gives brief ac¬ 
counts of various other jiaiasitic and nonparasitic diseases reported for other cam¬ 
growing countrie‘s. 

S(‘<*e)nel in rank are the* citrus dise*ases with 05 pages, followed in oreler of iuqiortance' 
)»y the banana with 3H, cacao with 20, ceiffee with 15, tobac(*o with 12, ]»iiieapples with 10, 
the* ve‘geiab)e*s as a gi‘on}> with i»0, minor fruits ami otlier (*conomie jiJaiits accounting 
for the balance. An eft’ent appe*ars to lune been rnaeie to deal in so far as sjiac'e limi¬ 
tations ))e‘rinitted ne»t emly with the* maiiA diseases actually ])resent in the Antilles, l»ut to 
re*cord those that occur in otluT ]>arts of Treipieal or sub-Trojiical America. Some impor- 
ant Oriental di8e*ase*H, siicli iis the dtvad ceillVe rust, also are discussed. Both the author 
anel the* translator have l>e*e>ii intc*re».stexl in virus diHea8e*s, as is e'vieltnceel by their puO- 
lish(*d bibliographies e>n the suhj(‘ct, anel the viruse»s have ne>t been overlooked, particu 
larly in the case of sugar cane*, winch has most <*ertainly had more than its share of this 
type* e»f disease. 

Disease s etue* to iinfa\enable emvireuime*ntai couelitiems, to nutritional deficiencies, and 
other parasitic cause's an* adeepiately tr(*at«‘d. The see-tieni devoted to vegetable diseases 
is eif ])articular interest, since* the* growing of various of the*se* crops is a comparatively 
ne*\v eh*^ e'leqiment, be>th fe»r home use) anel e*xpurt, and the diseases have been much in 
e'vielence* us e*ffe>rts have been made to expand '\e‘getable* ])re>ductiem. 

As a ]neMU^(*r in its field, it is to be ex]K*e*ted that erreers have cre}>t in, which a later 
e'elition can renne dy. An unfortunately large number e»f typographical erreirs will be* 
found. The*re are 5 on j)age 327, fen* instane*e. The author lias not beem consistent in 
e'apitalizing spe*cilic names in following the Int<*riiationa] Kiiles nor in abbreviating 
authorities for technical name's, lie has not clearly elifTereiitiateel be'tween fungi dire*ctly 
tiarasitic in plants anel those* attacking iu.sexd peists of the plants tre^ated. Similarly 
oschiodrs is a paiUKsitc of Puccittiopsis eui Carira and not directly of Carica 
itself (j). 321). Oniem smut (p. 387) is attributed to Vronn/f^cs rather than to 
Most workers w'oiilei take ivssiu* with tlie statement tliat StiJheVa flavtda can be* combatted 
easily ^ ‘facdlmente,^ ’ with Bordeaux Mixture, 

A very disappointing feature is the fact that many of the illustratiems have l>e*en so 
pe)Oiiy reprodue*e*d as to bo wortliless, for wdiich, however, we) cannot blame the author. 

A biblieigraphy has iu)t bee’U iucludeel in the interest of space <‘onservatiou, and the 
reader is referred to the author’s and translator's recently issued ‘‘Bibliography of 
Mycology and Phyte>patheile>gy of C\*iitral and South Anu'rkva’’ published in The »lournai 
of Agriculture of the University of l^ierto Rico 21: 249-486* 1937. This bibliography 
is said to be still availahle from tlie e*ompilers at the Experiment Btation. Rio Piedras, 
Puerto Rico. 

la view of the difiiciilties encountered by the translator in finding adequate Bpauish 
technical terms and the re.sulting iieeil for developing a satisfactory Spanish terminology 
for the sciences, it has been a most comiueiidable plan to include a glossary, w'hich, 
briefly blit adequately, defines each term used in the text and gives an English equivalent. 

The book is comx>letely and apjiarently carefully indexed as to scientific names of 
parasites and the common names of diseases and hosts. It does not include the scientific 
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names of tho hosts, however, so that the reader, unfamiliar with Spanish common names 
or with the particular common name used, since these vary greatly from country to 
country, may experience difficulties in locating a given crop plant. 

The work is distinctly timely and w'ill fill a definite need on tho part not only of the 
actual workers in the 8]ieciaUzed field, but of those engaged in extension work, an activity 
now coming into its own in Puerto Rico, and other Latin-American countries, of agri¬ 
culturists in general, and of all wiio are in any way concerned with the problems pre¬ 
sented by disease in plants.— John A. Stevenson, Bureau of Plant Industry, Washington, 
D. C. 


Holmes, Francis O. JlaiuWooh of Phyiopaihogenic Viruses. 2iJl pp. Price $2.00. 

Burgess Publishing Company, Minneapolis, Minn. 

This handbook of plant viruses is a very much enlarged edition of tho author paper 
on a Proposal for extension of the binomial system of nomenclature to include viruses^’ 
(Phytopath. 29: 431-430, 1939) in wdiich he proposes a latinized binomial system of 
nomenclature for plant viiiises. The present volume includes a classification and nomen¬ 
clature of only the better-known plant viruses. 

The table of contents gives in outline form the author’s earlier attempt to classify 
and name the plant viruses. In the text the viruses that affect higher plants and bac¬ 
teria are classified under kingdom, divisions, classes, families, genera, si)ecies, and varie¬ 
ties. The basis of classification is nearly entirely symptoms, rather than any funda¬ 
mental characters of the viruses themselves. The family Clilorogcnaceae and genus 
Chlorogenus includes the viruses of the yellows diseases, as ast(ir yelloivs, peach yellows, 
little peach, potato witches broom, etc., all of which are leaf hopper transmitted; but it 
does not include all leaf-hoi)per transmiU(‘d viruses. The family Marmorricetic, genus 
Marmor, includes Airuses causing mottling or necrotic spotting of the host; and Annu- 
laceac the viruses cau.sing ring patterns, with ‘M'l'covery ^' and eventual ‘‘non-sterile 
immunity, The formation of vascular proliferations or galls is the basis for including 
other viruses in the family Gallaceae. Spindle tuber, leaf curl, leaf roll, dwarf disease, 
savoy disease, and spotted-wilt families complete the viruses attacking the higher plants. 

Each species or variety of the better-recognized viruses is descrilied in detail giving 
Latin and common names and some synonyms, a partial list of susceptible and sometimes 
insusceptible species, distribution, induced diseases, transmission, serological, and ‘*im- 
munoiogicaP^ relationships, properties, and control, with a selected list of literature. 
These descriptions of the viruses should iirove valuable for reference purposes. In sup¬ 
plement I, 28 pages are devoted to Bactcrioiihages of animal and plant l>acteria, giving 
much the same type of information for each sjiecies of the gmms Phagus as is given for 
the ])hmt viruses. Supidenunt II Ihsts the hosts for some of the bettor-known viruses, 
as aster yellows, curly top, cucumber mosaic, etc., and lists both the hosts and species 
nonsusceptibic to the tobacco mosaic virus. Suiiplement II f lists viruses that for one 
reason or another are not treated in the handbook. An index follows, in which the page 
numbers of viruses fully described are underlined. The material throughout aj^pears to 
be w^ell selected and is put in an orderly, concise form, so that information is readily 
accessible. 

The publication of this book obviously adds to the confusion already present in 
plant-virus nomenclature, and, one might add, to classification also. Perhaps this is 
desirable until some system of classification and nomenclature is finally adopted; as one 
would hesitate when wTitiug about the tobacco-mosaic virus to refer to it as Tobacco 
virus 1, dohnson; Nicotiana virus 1, {Smith; ^armor lahaci var. vulgare Holmes, or com¬ 
mon tobacco-mosaic virus; but may be content to refer to it as tlie tobacco mosaic virus. 
If the latter course is followed for the present no harm will have been done in placing 
before those interested in viruses another projmsal for naming them, and those interested 
in classification wdll have another basis for grouping to consider. 

It does not seem that full advantage has been taken of our present knowledge of the 
viruses in classifying them. For example, the genus Marinor includes the tobacco-mosaic 
virus, the serologically related English cucumber-mosaic virus, the unrelated American 
cucumber-mosaic virus, the etch virus, and many others that cause mottle symptoms in 
their respective hosts, and all are coordinate without regard to relationship. Jt would 
seem that tobacco-mosaic virus, American cucumber-mosaic virus, etch virus, potato ring- 
spot virus, amd perhaps some other viruses in the genus Marwor are distinct kinds and 
should be given generic rank. Then the English cucumber-mosaic virus and tobacco- 
mosaic virus could be considered species of a common genus. The vein-banding virus is 
improperly treated as a strain of the cucumber-mosaic virus. If future studies confirm 
the claim that it reacts serologically with antigens of cucumber mosaic virus it cannot 
even then be considered coordinate with a mutant strain of the cucumber virus, but 
should be considered a distinct species. It should bo kept in mind that cucumber-mosaic 
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vintR and vein-banding virus are frequently found associated in the same tobacco plant 
and that one gives no protection against the other. 

The author, possibly without recognizing it, is laying the foundation for endless 
trouble, if his proposal to name strains of constantly mutating viruses is followed. The 
laboratory workers may feel justified in naming mutant strains, but to the person work¬ 
ing with the field strains the naming of strains of the constantly mutating viruses be¬ 
comes unthinkable. 2^armor iahaci var. vulyare is the name given to the ^ typical 
strain^' of the tobacco mosaic virus, with tobacco virus 1 and Nicotiana virus 1 as 
synonyms. By definition tliese latter terms mean the common field mosaics that have 
been recognized the past 50 years. Either the author believes that there is only one 
common field strain, which he names var. vulgarcy or, if ho recognizes the true situation, 
namely that there are numerous distinct field strains of the common tobacco-mosaic virus, 
be is willing to classify all of them under one varietal name. The tobacco ringspot and 
the cucumber-mosaic viruses are also made up of numerous strains in nature and it is 
questionable whether any one strain of the cucumber-mosaic virus is common enough to be 
called var. vulgarc. Recognition of endless variations or mutations of viruses, such as 
the tobacco-mosaic virus, both in the field and laboratory, is essential, but to name each 
mutant with other than a laboratory designation will result only in confusion. 

Where strains of a virus are well established in nature and cause a well-recognized 
disease year after year, the use of a varietal name seems justified. For example the 
little peach virus is named Chlorogmua ptrmcae var. micropcrsioa. It is questionable, 
however, wlicthcr pathologists will submit to using CMorogenus prrsicae var, vtdgaritt for 
the j>each yellows virus nheii Chlorogvnus persicae will do. 

The use of the term “ immunity throughout the text, in referring to failure of a 
virus to cause a rep<‘tition of symptoms in a plant already affcetc'd with a slightly differ¬ 
ent strain of that virus, is unjustified. The plant is not immujie from either virus, but 
is “])rotected to a gr(‘atei or less degree by the first virus against the second. 

The reviewer li(‘sitates to exi)ress an opinion regarding the advisability of adopting 
a latinized system of mmieiiclaturc for viruses, but it is such a marked advance over any 
jiroposal yet off('red that it should be gi\en very careful consideration, 

Asid(‘ fj'orn nliat one may think of the advisaldlity of applying a binomial system 
of nomenclature t(» viruses at this time, the book probably nill prove a welcome addition 
to tlie virus literature, as it gives in a small, compact, loose-leaf type of book a list of 
viruses of plants and, c<mc‘i.sely and apparently accurately, what is known of them.— 
\V. I). Valleat, University of Kentucky, Lexington, Ky. 


THE xVMEKK^AN PHYTOPATHOLOGK^AL SOCIETY 

lfl40 SUMMEK MEETING 
SEATTLE, WASIIIN<JTON-JUNE 19-22 

In ('(>11 junction Avith tlie Program of tlie Aineri(*an Association for the 
Advancement of Science and Affiliated Societies, June 17-22. 

Wednesday, 9:00 a.m.—Business meeting of Pacific Division of The 
American Phytopathological Society. 

Wednesilay, 10:00 a.m.—Presentation of papers. 

Wednesday, 1: 30 p.m.—Presentation of papers. 

Tlnirsday, 9: 30 a.m.—fJoint session with Northwest Assoeiation of lltu-ti- 
culturists, Entomologists, and Plant Pathologists; Economic Ento¬ 
mologists and Society for Horticultural Science. 

Invitation papers dealing with field plot arrangement, statistical 
analysis, virus vectors, virus physiology, or related to])ics. 

Thursday, 1: 30 p.m.—Presentation of papers. 

Friday, 9: 30 a.m.—Symposium on fruit tree viroiLS dist»ases. 

Saturday; Field trip to Western Washington Experiment Station, Puyal¬ 
lup, Washington. Joint program with Horticulturists and Ento¬ 
mologists. Demonstrations of spray equipment and experimental 
plots. 
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Patlioloj^ists who wish to present papers at these meetinj^s should submit 
titles to L. D. Leaeh, Secretary of the Pacific Division of the The Amerit^aTi 
Phytopath()l()«ical Society, University of California, Davis, California. 

Chas. (hiTjpp, President E. S. Kirby, Secreinnj B. P. Dana, President 

Cornell University Pennsylvania State Pacific Division 

Ithaca, N. Y. College U. S. D. A. 

State College, Pa. Corvallis, Oregon 

SUMMER MEETING OP THE NORTH CENTKATi STATES 
GROTT OF PHYTOPATHOLOGISTS 

The North Central States gronj) of ])hytoj)athologists will conduct a 
Mimmer tour in western Illinois from June 20 to 22. The group will as¬ 
semble at Quincy, Illinois, on June 19. June 20 will be spent on tree fruit 
and small fruit diseases near Quincy and on grain diseases in the Illinois 
River bottom near Jacksonville. The afternoon will be devoted to an in¬ 
spection of the experimental orchard spraying work at Jerseyville. The 
night will be spent at the famous Pere Marquette State Pai'k near Grafton. 

Oil June 21, the group will tour the intensive A’egetable area in the Mis¬ 
sissippi River bottom near East St. Louis where various vegetable and field 
crop diseases will be seen. 

Members of the Society other than those in the North (kmtral States 
(Mii'higan, Wisconsin, Minnesota, Iowa, Nebraska, Missouri, Illinois, In¬ 
diana and Ohio) who jilan to attend the meeting should write Dr. 11. W. 
Anderson for detailed program about May 20. 

Committee on Arrangements, 

(I M. Tucker 
I. H. Melhus 
H. W. Anderson 



STUDIES ON THE BIOLOGY OP VALSA SOHDIDA AND 
CYTOSPORA CHRYSOSPERMA^ 

C- L Y D E M . Chris t e n s e n 2 
(Accepted for jiiildication December 1, 1930) 

INTRODUCTION 

The fungi cliseussed in this ]iaper are among the most common bark- 
inhabitating fungi found on our native forest poplars and on the introduced 
speiies and varieties of ornamental pojdars. They have been considered to 
be of rather minor importance on our native forest trees, but have been 
thought to be one of the eliief reasons for the poor survival and short life 
of ornannuital poplars in tJiis and some other regions. Despite their prev¬ 
alence and their at l(‘ast supposed practical importance, comparatively 
little is known of some phases of their life. The present studies were 
undertaken to lind out certain facts about the growth, reproduction, and 
}>arasitism of the fungi concerned and to determine their range of variation. 

SOimCE OF MATERIAL 

The sources of the fungi studied are shown in table 1. Unless other- 
wise stated, tlu^ cultures were obtained by susjiending masses of spores in 
sterile water and })lacing dro))s of this spore suspension on malt agar slants 
ill lest tubes. Siiecdal studies were made with single-spore isolates from 
some collections of tin* fungi, but, for most of the W’ork, mass spore cultures 
were us(‘d. 

TAXONOMY OF THE GENUS VALSA 

TJie taxonomy of this genus lias been reviewed in detail by Schreiner 
(9), and will be considered liere only as it applies to the specific problems 
in this study. Rahenliorst (7) describes 129 species of Valsa, 6 of them 011 
Populus, and 11 on willows. Some of these several species he considers as col¬ 
lective. Sai'cardo (8) lists species of Ciftospora, 3 of which occur on 
])oplar. He limits Cptospitra vhrp.sospenna to species of poplar and, more 
re(‘ently, Grove (1) has done the same, Hubert (2) reported this same fungus 
on 12 s])ecies of trees, in 6 different genera, and this host range has been 
extended by oilier authors. Neither Grove nor Hubert states his reasons 
for (‘onsidering the species as he does, the former listing no characters by 
which tlie species could be distinguished wnth certainty from all other 
species of (hjiospora, and tlie latter making only a categorical statement of 
the identity of the fungus. Obviously there are at present no ver}^ positive 
means of identifying U. chrysosperma. If the limits of variation of this 
fungus on species of Populus were established, one would have a basis on 

’ Paper No. 1751 of the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 

2 Tliis paper is a summarT of a tiiesis presented to the Ovoduate School of the Uni¬ 
versity of Minnesota in jinrtial fulfillment of the requirements for the Doctor of Philoso- 
jdiy degree. 
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TABLE 1 .—Sovrce of isolates of Cylospora chrysosperma and VaUa sordida 


Isolate 

No. 

Host 

Location in 
Minnesota 

Rema7*ks 

3 

Popnlus iremuloides 

Cytospora chrysos^ 

University Farm 1 

perma 

Living tree. 

2 

do do 

Afton 

Isolated from wood near an in- 

3 i 

do do 

Itasca Park 

sect tunnel. 

Isolated from wood near Mono- 

4 

P. can dicans 

TTiiiveraity Farm 

eliamns tunnel in interior of 
log cut the previous year. 

D('ad twigs of living tree. 

5 

P. nlha, var. 
pyramidal is 

Lake City 

do 

7 . 

do do 

M iiin(*apolis 

do 

8 

P, spp. (Kussian 
poplar) 

Cloquet 

Canker on living tr(‘e. 

9 

tJuglans spp. 

(Jupaneae walnut) 

University Farm 

T)<‘ad twig of living tree. 

12 

P. alba 

Minneapolis 

do 

14 

P, alba var. n Ivra 

St. Paul , 

Canker on living tree. 

17 

P. spp. 

Savage i 

Dead branch of living tn‘e. 

19 

P. spp. (exotic 

! 

do 


liyhrid) 

Excelsior | 

20 

P. nigra 

Minneapolis 

do 

23 

(Ihnvs amcricana 

Unknown | 

Tissue culture from dead branch. 

20 

P. nigi'a 

Brainerd 1 

Dead ))ranch of living tree. 

28 

do 1 

St. Paul j 

do 

32 

PopuJns trcmiiloUUs 

]Vi/.syi soj'dida 

Anoka 

Dead tre(‘. 

33 

do 

Wyoming 1 

Dead branch of living tree. 

37 

do 

I’^iikiiown 

<lo 

39 

do 

Anoka 

do 

40 

<lo 

do i 

do 

41 

do 

do 

do 

42 

do ' 

do j 

do 

43 

do 1 

do 1 

do 

44 

do ' 

do ! 

do 

40 

do 

d<» 1 

do 


which collections of the from other hosts conld be compared. To 

establish such a basis it has been necessary to study in considerable detail 
a number of different characters of the funpri concerned, to find out which 
of those characters are sufficiently constant and characteristic to be of 
diagnostic value, and to determine their range of variability. It should 
thus be possible eventually to make some order out of the taxonomic* chaos 
in which these fungi are involved. The elucidation of the relationship 
between C. chrysosperma and V. sordida is a necessary i)art of this work. 

Valsa sordida 

Development and Structure of Pycnidia The pyenidiiim begins as a 
clump of densely interwovcm hypliae that at first is covered by a layer of 
bark from 6 to 20 cells deep. At about the time the tip of the pycnidium 
emerges from the bark, a cavity begins to form in the lower central part 
of the interior of the stroma. Usually, if indeed not invariably, only one 
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cavity is initiated. This continues to enlarge in a very irregular manner^ 
so that eventually a cavity is formed that contains many interconnected 
chambers of various shapes and sizes. There is a wide variation in the 
shape of these chambers, and 2 pycnidia, growing side by side on a piece 
of bark inoculated with a pure culture, may differ considerably. The 
outer wall comprises several layers of pseudopareiichymatoiis cells. Viewed 
from the outside the mature })ycnidium is irregular in shape, the convolu¬ 
tions of the wall conforming roughly to the shape of the larger chambers 
within. 

Conidiophores arise from the inner layer of cells that form the wall of 
the chamber. These are filiform, (ulorless, usually unbranched, but occa¬ 
sionally branched once, and sometimes twice. They are from 10 to 18 p 
long and about 1 in diameter. Spores are produced at the ends of the 
conidiophores. A spore first a])pears as a terminal swelling; this grows 
until the typical spore length is attained. The conidiophore becomes con¬ 
stricted at the base of the spore, and this constriction increases until the 
s])ore is cut off. Although the continued production of conidia by a single 
conidiophore has not been observed, it seems obvious, from the quantity of 
sjiores ])rodu(*ed, that each sporojihore <*ontiniies to function for some time. 

IJerclopincni of Pycnidni on Htvrilized Twigs. Most isolates, growing 
on steriliz(‘(l twigs in flasks, form fewer but larger pycnidia than when grow¬ 
ing on the bark of trees in the field. If the bark is not too moist the 
])ycnidia develoj) normally within the bark; if excess water be present 
tliey may form on the surface of the bark, much as they do on the surface 
of an agar medium. Spores are exuded from some of these pycnidia in 
coiled yellow spore hoiTis. In these flasks, even wdien kept in a laboratory 
where the temperature fluctuates 5° (\ or more, there can be comparatively 
little change in relative humidity. Thus it seems likely that in this case 
the spores are exuded not so much as a result of swelling of the gelatinous 
matrix, but rather because the sjiores and matrix are produced continu¬ 
ously and in such quantity that they are forced out. When the tips of 
mature pytmidia are cut off a tendril of spores oozes out at once, and the 
speed with which it appears indicates that there is some pressure within 
the iiycnidium. The prolificacy of the fungus is amazing. On a small 
twig leaving a surface area of approximately 30 sq. cm. more than 25 
billion si>ores were exuded in about a week, when the cultures were between 
20 and 28 days old, and probably half that number remained within the 
pycnidia. 

Freehand sections were cut transversely through a number of pycnidia 
of each ascospore isolate. No constant morphological differences wwe 
found between the pycnidia of the different isolates, and the variation 
between different pycnidia of one isolate seemed just as great as between 
pycnidia of different isolates, A diagram of a typical one is shown in 
figures 1, B and C. 

Size of Conidia. Fifty conidia of each of 5 ascospore isolates of Valsa 
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Fig. 1. A. Vertical sect ion through the center of ]>yciijdiuin of Vytoapora vhnjHo- 
sperma, B and C. Vertical and cross sections, respectively, through pycnidia of Valsa 
Hordida. T). A typical group of perithecLa of Fa/.vrt .sordida, the nt'cks coming uj) around 
the old pycnidium. E. fVrithecia in different stages of development. F. Asci and asco- 
sj)oreH, immature on the left, mature on the right. 

sordida were measured. Tlie spores were taken from pyenidia produced 
on malt-agar slants in test tubes, kept in the laboratory. To avoid the 
possibility, however remote, of getting immature spores, only those spores 
were taken that had been exuded from the pycnidia. They were suspended 
in water, a drop of the suspension was pla(;ed on a slide, a small drop of 
warm agar added, and a cover glass applied quickly and pressed down 
firmly. This method was used because the apparent size of spores was 
altered significantly by mounting them in some other solid media, in 
lactophenol, or even staining them with cotton blue. It was found neces¬ 
sary to use some comparatively solid medium, to prevent flowing and 
Brownian movement, if large numbers of spores were to be measured 
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accurately. The diluted a^*ar mount did not alter perceptibly the apparent 
length of the spores. They were measured with a screw micrometer, using 
an oil immersion lens (Table 2). There is detectable very little difference 
in length of spores from the different isolates. 

TABLE 2 .—Lenyih of ronidia of different isolates of Valsa sordida on Popidas 
tremuUndcs and Cytospora chrysosperma on other species of Pop ulus 


Isolate 

Host 

Average length of 50 
spores, ill microns 

40 

Valsa sordida 

Popidus trem uloides 

4.49 

41 1 

Do 

4.52 

42 1 

Do 

4.62 

44 1 

; Do 

4,49 

46 

1)0 

4.62 

4 

Cytospora chrysosperma 

P, candicans 

5.73 

7 

P. alba, var. pyramidalis 

5.64 

17 

P. sp. (probably P. alba) 

4.44 

19 

P. sp. (oxotic hybrid) 

3.90 

26 

P. niyra, var. italica 

4.0(5 


Sfrurture and Develojnuent of Feriihccia. Pycnidia, borne on trees 
in tlie field, cease to function after a relatively short but very productive 
life, and the walls disinlegrate slowly. Perithecia arise below and in a 
circle around the old pycnidia. From 1 to 20 perithecia may arise around 
a py(‘nidium, the ty])ical number in the material studied being 6 to 8. 
They arise among the bark cells, and are not surrounded by any definite 
slromatic tissue, merely sitting loosely in the disintegrated bark. A sketch 
of the perithecia is shown in figure 1, D and E. The enlargement at 
the to]) of tlie neck of the mature jieritheciiiin is typical; frequently 
adjacent perithecia in a group are grown together at this eidarged portion 
and may be lifted out of the bark together. 

As<*i arise as outgrowihs from pseudoparenchymatous cells composing 
the inner wall of the perithecium. All the spores in an aseus are approxi¬ 
mately the same size, and the variation between sjiores in different asci is 
far greater than that between spores within an aseus. There are typically 
8 spores in an aseus, occasionally 7, and rarely 6. It has not been noticed 
that any of the spores, when fewer than 8 are present, are abnormally 
large. They usually are arranged in a biseriate fashion in the aseus, but 
this varies a good deal, and often spores are irregularly distributed in the 
as(*us. The spores appear larger when they are first delimited than when 
they are mature, and the mature ones are quite clear. 

The aseus wall is surrounded at all times during its growth by a rather 
thick gelatinous sheath, which becomes invisible, if present, in many mature 
asei. Typical asci are shown in figure 1, P. When the aseus is mature 
it is liberated from the wall of the perithecium. The sjmres may be lib- 
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erated in any one of three different ways: 1. Some asei break within the 
perithecinin, and tlie spores escape, much as do the conidia from the pyeiiid- 
ium, by oozing out, except that the matrix in tlie perithecia is less gelati¬ 
nous and less abundant than tJiat produced by tlie pycnidia. If a mature 
or over-mature perithecium be broken or cut open, a large number of free 
aseospores are found within, although very old peritheeia may be com¬ 
pletely empty. The spores exuded from a fresh perithecium collect around 
the ostiole in sticky, white masses. 2. Some asci are forced U]) the neck 
to the ostiole, where they burst, discharging the spores forcibly into the 
ail*. Pieces of bark, collected in March, and bearing mature perithecia 
of Valaa aorduht, were placed on moist cotton in a Petri dish, ari'anged so 
that the ostioles of the perithecia were about 5 mm. from the cover of the 
dish. After about 24 hours a deposit of spores, visible to the naked eye, 
appeared on the glass above one group of perithcida. The s])ores <lis- 
charged from each perithecium w^re in a si^parate clump. 3. Many of 
the asci that travel up the neck of the peritiiecium do not project the spores 
into the air when they burst, and these collect around the ostiole of the 
perithecium. In the material observed many more spores (collected around 
the ostioles than were shot out into the air, but tlie manner of liberation 
must depend considerably upon the amount of water present. 

The perithecial stage has been found by the writer only on Papiilus 
trcmuloides. Perithecna were found on 16 of 30 sjieeimtms of P. ircnndoidvs 
collected near Anoka, Minnesota. Perithecia also were found in abun¬ 
dance on specimens collected at the University Farm, (^arlton, AVyoming, 
and Sandstone, which indicates that it probably is formed (*ommonly 
through central and northern Minnesota, and is not so rare as lias 
previously been stated. 

Sizf of Aseospores. One hnndred aseospores from perithecia on each 
of 5 different specimens collected in an area less than 100 yds. stiuarc, near 
Anoka, were measured with the aid of a screw micrometer. The spores 
from each specimen were taken from the jierithecia around one ])y(‘nidinm. 
The perithecia were crushed in a droj) of water to obtain a suspension of 
spores, a small (piantity of this spore suspension was placed on a slide, 
some warm liquid agar added, and a cover glass appli(*d and quickly 
pressed down. The average length of 100 si)ores from ea(*h of the 5 s])eei- 
mens was 8.2, 8.3, 8.9, 9.9, and 10.4 microns, res])ective]y. The minimum 
significant difference between any two averages was 0.7 p. The spores 
from each specimen were remarkably constant in length, as deteiTiiined 
by comparing the average length of the first 50 measured with the average 
length of the second 50 measured. For example, in collection 45 there was 
only 0.5 p difference, ami in collection 34, 0.1 p difference between the.se two 
averages. Using twice the standard error of the difference as a criterion 
of the minimum level of significance, tliere was a significant difference in 
length between the spores from some of the different collections. Naturally, 
the cause of this difference is not known, and it cannot be assumed arbi- 
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trarily that the differences are inherent and that these collections consti¬ 
tute different races. Judf^in" from the above results and from the figures 
given by other workers, the ascospores of Vaha sard Ida vary considerably 
in size. If spore length is to be used as one of the criteria of species of 
Vaha, as it has been, this variability obviously must be taken into account. 

Cultural Characters. These fungi were cultured chiefly to find out if 
Valsa sordida, from Populus tremuloides, could be distinguished from 
Cytospora chrysospenua from other species of Populus. The isolates were 
grown first in test tubes, then repeatedly transferred to detect the presence 
of other organisms. The first transfer usually was made by taking freshly 
exuded spores from a ])ycnidium, suspending the spores in sterile water, 
and pla<»ing a drop of this sjiore suspension on a malt-agar slant. In 
most (‘Hses this technic insured cultural purity. So far as the writer was 
able to see, there was no coiisistent difference in cultural characters between 
the isolates of V. sordida, from aspen, and the isolates of G. chrysospenua 
from other si)e(*ies of pofdar. Photographs of (Uiltures of several isolates 
of I", sordida are shown in figure 2, A. 

RELATIONSHIP OF CYTOSPORA ClIRYSOSPERMA AND VALSA SORDIDA 

Xumerous authors have followeil Nitsciike (5) in stating that Cytospora 
chrysospenua is the imperfeid stage of Valsa sordida. The writer has not 
found any statement that V. sfudida has been obtained from C. chryso- 
speruia, which should be done to have jiositive ])roof of the identity of the 
fungi com*erned. Naturally, it is of some importance to know whether the 
Cyiosporas commonly found on ornamental pojfiars actually are identical 
with the Valsa and (Cytospora on aspen, or whether two or more fungi 
are (concerned. 

Seymour (10), in his host index of the fungi of North America, lists 
Valsa sordida on Populus irnuuloides and P. aiu/ustifolia. In the myco- 
logical herbarium in the Dejiartment of Plant Pathology and Botany, Fni- 
vei’sity of Minnesota, the writer examined the following specimens of V. 
sordida: 1. On Populus spp. from Dccorah, Iowa, collected by E. W. 
Holway; 2. On P. pyramidalis, from Treplitz, Bohemia, Austria, collected 
by do Thumen. There are 3 jiieces of bark in this collection. One bears 
pycnidia of V, iiivea, another bears pycnidia, apparently of V, sordida, 
and there are no visible fruiting bodies of any fungus on the third; 3. On 
P. nigra, from Konigstein, Germany, collected by "W. Krieger. There are 
2 specimens, 1 bearing pycnidia, apparently of V. sordida, and the other 
pycnidia and perithecia of V. sordida; 4. On P. tremulae, from Russia, 
collected by Ligit Serebriannikov. Only one specimen is present and this 
bears perithecia of what appears to be V. nivea. 5. On P. nigra, from 
France, collected by F. Fautrey. This specimen bears perithecia of V. 
sordida. The writer has found the perfect stage only on P. tremuloides. 

There ai*e several possibilities to ai^count for the fact that perithecia of 
Valsa sordida are found so frequently on Populus tremuloides, and inf re- 
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Fm. 2. A. Isolates of Valsa aordida, from Populm tremuloides, B. I 80 lat(*s of CyiO’ 
spora chrysoiipcrma: 1, Popidutt tremuloides, Univ. Farm; 1-B, u variant of 1; 2, P* ircmu- 
loidcHy Afton; 3, P. irmadoideH, Itasca Park; 4, P, oandivann, TIniv. Farm; 5, P. alba var. 
pyranddalis, Lake City; 6, Salix discolor^ Itasca Park; 7, P. alba, Minneapolis; 8, Russian 
poplar, Cloquet; a variant of 8; and 9, Japanese walnut, IJniv. Farm. 

qiiently on the bark of other species. 1. Cytospora chrysosperma and V. 
sordida are identicah but perithecia are produced only under certain en¬ 
vironmental conditions that rarely are encountered on some species and 
varieties of poplar. 2. There are different strains of the funp:us, some of 
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which are more common oji aspen, and readily produce perithecia, while 
others ai^e more common on other species of poplars and rarely or never 
jn'oduce perithe(*ia. 3. Tlie fungi are taxonomicalJy distinct, although the 
pycnidia are similar. The writer attempted to settle this problem by try¬ 
ing to imluce the isolates of V. sordida and C. chrysosperma to form 
perithecia, which would be Ihe only positive proof, by studying the de¬ 
velopment and morphology of the pycnidia and asexual spores, and by 
comparing the cultural characters. 

Atiempts io Induce the Formation of Perithecia, Several isolates of 
Cyfoapora chrysosperma and Vatsa^ sordida were inoculated onto sterile 
aspen bark, and the resulting cultures were subjected to alternate freezing 
and thawing and were alternately dried and moistened. Some were kept 
for over 2 years. A few were exposed to ultraviolet light. Other organ¬ 
isms that commonly grow in old aspen bark were added to some of these 
cultur(\s. No perithecia were formed on any of the bark cultures. Several 
isolates weri^ growji on the im^dium described by Leonian (3) as favorable 
io the pi-oduc1ion of perithecia of T". Iciicostoma, but none of the WTiter’s 
isolates formed perithecia on this medium. 

comparison of the STRrCTT'KK OF PYCNIDIA OF CYTOSPORA 
CHRYSOSPERMA AND VALSA SORDIDA 

Pieces of bark from several different collections of C. chrysosperma from 
speci(‘s of Poputus otinn* than P, trcmidoides were embedded in paraffin, 
sectioned with the microtome, and examined inicroscopicall 3 ". A diagram 
of a section through the center of one is shown in figure 1, A. No consis¬ 
tent dilTerenee could be found between these pycnidia and those of V, 
sordida on aspen. 

Seven isolates of C. chrysosperma, from several species of Popiilus, 'were 
grown on stei*ile bark in Ei-Ieniueyer flasks, and freehand sections of numer¬ 
ous ))yenidia of each isolate were eom])ared with those cut from pycnidia of 
V, sordida grown in the same way. No consistent difference was observed. 

Length of Conidia of (Cytospora chrysosperma. Fifty spores of each of 
5 isolates of (\ chrysosperma were measured, using the same technic as that 
previously described in measuring the spores of Talsa sordida. The results 
are given in table 2. The raiige in size is greater than was found for V. 
sordida, but the conidia of the latter fungus cannot be separated from those 
of (\ chrysosperma as a group on the basis of size. 

Growth of Cytospora chrysosperma on Sterile Twigs, Several isolates of 
C, chry,sosprrma, ino<Mdated into the bark of logs kept in a large moist 
chambei*, produced a very abundant crop of pycnidia within 2 weeks. These 
were slightly larger than those prcKlueed on trees in the field, and some of 
them exuded long tendrils of spores. The spores in the tendril illustrated 
in figure 3, C were suspended in water and sufficient samples of the suspen¬ 
sion counted in a Spencer counting chamber to permit at least a reasonably 
a<*curate estimate of the number of spores present. This one tendril 
contained about 580,000,000 conidia. 
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Flo. 3. A. CytOHpora chri/soaperma on poplar, B. On willow. Explaiiu;d in text. 
C and D. Spore tendrils of Ciffospora chryttosperma growing on aspen bark in n luoist 
chamber. K and F. J^yenidia of C. chryaonperma on malt-agar slants in test tube^. 


Growth on Agar Media. Cultures of most of the isolates jiroduee 
pycnidia on malt agar, and the diflVrent isolates can be distingirishtal from 
eaeh otJier readily by tlie size, shape, eolor, abundanee, and time of pro¬ 
duction of pycnidia. While there is no one cultural character by which the 
species can be recognized, the production of pycnidia is typical of most 
isolates, although even individual variants of one isolate may differ greatly 
in this respect. Other species of Valsa and Cyiospora also produce jiycnidia 
of the same general character in culture, so that this alone can not be used 
as an identifying character. 
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Cultures of a few isolates, and particularly one of the variants of Iso¬ 
late 1, produced peculiar, elongate pycnidia, several of which are illustrated 
in figure 3, E and P. Apparently, this development is due to the fact that the 
pycnidia arise in such a position that the tip presses against the wall of the 
test tube. The elongation of the pyenidium is e(iual to the shrinkage of the 
agar, and the continued pressure of the glass against the i)ycnidium stimu¬ 
lates growth in length. This was further illustrated by dropping a cover 
glass on top of 3 newly formed pycnidia on a (uilture in an Erlenmeyer 
flask. The 3 pycnidia under the cover glass continued to grow in length 
for several weeks after the other pycnidia in the culture had ceased to 
elongate visibly. This growth response to piTssure obviously is a rather 
usefid character from the standpoint of the fungus, since it is thus that the 
pyenidium is stimulated to break tlirough the bark when growing on its 
natural hosts. Even when young pycnidia are covered by more than 20 
layers of bark c(‘lls they are btmnd to break through, as they begin \o 
elongate in the direct ion in which the bark gives w^ay, eontiiiiie to grow so 
long as ]>r<‘ssure is exerted upon them, and cease growing soon after the 
pi'ossure lias been released. 

All isolates were grown repeatedly on malt agar in Erlenmeyer flasks. 
The cultures of some isolates of Cfftosjxmi ehrysospenna could not be 
distinguislied from the cultures of .some isolates of Valsa sordida. The 
variation b(*tween tli(‘ difiVivuit isolates of C. chrysosperma was greater than 
that between the isolates of (\ chrysospfrma as a group and those of V. 
sard id a as a group, so that the two groups could not be .se])arated by the 
cultural characters obs(*rved in this study. Similarity of cultural cliar- 
aclers does jiot necessarily jmi)ly taxonomic identity, but it certainly does 
suggest that there is no very ])rofouiid difference between T". sordida from 
Papiifus iremtdoidcs and (\ chrysaspenaa from other .species of poplar. 

(Uiliural Variation. Twenty single spores of Isolate 5 were isolated, and 
the eiiltures that d<weloped from these were compared with each other and 
with the parent (udtnre. When grown on agar in test tubes and flasks the 
different singl(*-spore strains were remarkable chiefly for their uniformity 
of appearaiu’c; not more than two of them could he distinguished from the 
others or from the parent culture wdth any degree of positiveness. 

It was observed that Isolate 8 in culture }>roduced numerous pycnidia 
that diffenui from each other in size and shape. Mass spores were taken 
from several different pycnidia and grown separately, and the resulting 
cultures were found to be easily distinguisliable from each other on the 
basis of the general appearance of the mycelium, time of formation of the 
p.yenidia, and number and size of the pytmidia. Since it is not known how 
the pycnidia arise, and since the possibility exists that the original isolate 
may have been a mixture of strains, it is not known whether these obviously 
different strains were obtained merely by seleeting previously existing 
strains from a mixed culture or whether they arose as variants when the 
parent culture was grown in the laboratory. No attempt was made to 
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pursue this phase of the problem further; it is mentioned only to illustrate 
the kind and extent of variation that may appear in cultures of this 
organism. Cultures of Cytospora chrysosperma from species of Populns 
and from some other host genera, and some of the variants obtained from 
these cultures are shown in figure 2; B. 

PATJIOOENIOITY 

Statements by Grove (1), Long (4), Hubert (2), Schreiner (9), and 
Povah (6) indicate that Cytospora chrysosperma can parasitize only more 
or less weakened trees. In Minnesotfi it undoubtedly is one of the most 
prevalent fungi fruiting on the bark of recently dead aspen in the forest, 
but only seldom has the writer found it a])parently causing definite cankers 
on seemingly healthy, vigorous aspen growing iii the forest. It seems 
doubtful if it is or will be of any considerable importance in naturally re¬ 
produced forests in this region. However, several nurserymen in ]\Iinneso1a 
have expressed the opinion that the canker caused by this fungus is one of 
the greatest factors with which they have to contend in growing ornamental 
poplars. In 1936 one nursery reported 75 per (»ent of its stoc'k of orna¬ 
mental poplars killed by this fungus, and every one of the several nurseries 
visited by the writer in 1935 and 1936 suftVred considerable loss of po])lars, 
which the growers attributed to Cytos])ora canker. It is by far the most 
common fungus found on the dying and dead brandies of ornaimaital j)op- 
lars planted in this regioji, and fri^quently it forms definite cankers on the 
limbs of these trees. Such cankers have been assumed to be pi’oof of the 
pathogenicity of the fungus, but they remain only circumstantial evidence. 

Experimental Evidence of Pathogenicity 

Hubert (2) inoculated 5 grou])s of ])oplar trees and cuttings with the 
fungus. One group contained 2 trees, another 3 trees, ajul the remaining 
groups 3 cuttings each. All inoculated plants except 2 trees died in from 
3 to 6 months after having been inoculated, and pycnidia of Cytospora were 
formed on the dead bark. No chei^ks were mentioned, and this, in addition 
to the small number of trees used, made the results of limited value. The 
fact that pycnidia of Cytospora were found on cuttings that i)reviously liad 
been inoculated with the fungus, does not prove that the fungus used was 
parasitic, or even that any parasitism was involved. The writer has found 
that pycnidia of Cytospora will develoi), without inoculation, on cuttings of 
apparently healthy trees when the cuttings are plained in the laboratory or 
greenhouse and left for a few weeks. This will be referred to later. 

Schreiner (9) inoculated 10 to 15 one- and two-year-old trees, growing 
ill the field, each week from the fir.st week in March until the end of May. 
In that same summer 50 per cent of the trees under 5 in. diameter (pre¬ 
sumably the weaker ones) and 5 per cent of the larger, more vigorous trees 
that he had inoculated were killed, supjiosedly by the fungus. Others died 
in succeeding years. Cuttings of several poplars were inoculated in the 
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greenhouse, and the dormant ones were found more severely injured than 
those that were growing. 

On June 8 and 9, 1936, the writer inoeulated 40 asjien saplings, each 
from 3 to 5 inches in diameter with 30 different isolates and single-sj)ore 
cultures of Cytospora chrysosperma. Inoculations were made by macer¬ 
ating an area of bark about | cm. square, placing a water suspension of 
spores and mycelium from an agar slant on this wound, covering this with 
a bit of moist cotton and wrapfiing it with paper tape. Only a very few 
small cankers were formed, and, even after 2 years, none of the inoeulated 
trees liad died. None of the check Avounds became infected, perhaps because 
of the method of bandaging the wounds so that conditions favorable to 
the formation of callus ti.ssue by the bark were maintained. On the other 
liand, typical ('ytospora cankers develo])ed around .some of the wounds 
made in the bark when the trees were labelled hy .scratching numbers into 
the bark with a small chisel-like instrument, and these cankers doubtless 
originated from myc'clium already present in the outer bark of the trees. 

Natural Occurrence of (^j^tospora in the Bark of Healthy Poplars 

During the course of the investigations a number of sections of several 
asp(*n trees were cut, brought into the laboratory, washed with hot tap Avater 
and soap, sjxmged Avith alcohol, then covered Avnth a thin coat of hot paraffin. 
This tri^atnumt should have r(*moA"ed or killed any Cytospora spores on the 
surface of tlie bark. The logs were put in a fairly humid chamber, and. 
Avithin 2 weeks. [lycnidia of (\ chrysospvrma appeared oaw the greater part 
of the bark in .such numbers that much of the paraffin layer AA^as pushed off. 
S(*A'eral cuttings from Populus alba, from trees that to all outward appear¬ 
ance AV(‘re healthy, were placed in Avater in the laboratory, under much the 
.same conditions, apparently, as the cuttings of P, trichocarpa, inoculated 
by Hubert. Two of thes(‘ did not sprout, and both soon bore a AT*ry abundant 
crop of pyenidia of C. chrysosprrma. The fungus doubtle.ss Avas gen¬ 
erally present in the bark of at haist one of these, since pyenidia appeared 
eATU-ywhere on the surface at about the same time. A typical ‘^canker^^ Avas 
formed on the oth(»r, if a canker can be said to form on a dead tAvig. Pyenidia 
of the fungus d(‘Vcloped also on the dried tops of those cuttings that grcAV, 
and formed “cankers'’ there, but did not groAv doAvii from the dead tip, 
above the uppermo.st sprout, into the living tissm*. Obviousl}", the fungus 
was not parasitic in this case. Eight branches of willoAv Avith no signs of 
Cytospora on the bark Avere brought into the laboratory in January, Avashed 
AAOth soap and warm AA^ater, sponged with 70 per cent alcohol, eoA^ered with 
w^arm ])arafRn, and pla(*ed under a bell jar with the lower ends in a glass 
of water. Cytospora fruited abundantly on all of them. No inoculation 
AA^as necessary. The fungus already Avas present, and became evident only 
after tlie tAvigs died. A fairly typical one of these was photographed 
(Pig. 3, B). A section of a living branch from a mountain ash {Sorhus 
aacuparia) was brought into the laboratory at the same time and placed 
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under a bel] jar, with the lower end of the section in water. After almost a 
month had elapsed, no pycnidia of Cyfospora had appeared on this branch; 
the bark, when cut into, appeared pfreen and still liviiij?. The branch then 
was placed outside for several hours, until the bark was frozen suflSeieiitly 
to kill it, and ag:ain placed under the bell jar. Within a week typical 
sunken, discolored cankers appeared on the bark of this branch, and 
pycnidia of Cytospora appeared throughout these cankers.’^ In this case 
the fungus, although present, was unable to produce any visible effects even 
in bark that must have been on the verge of death, and only after the bark 
was quite dead could the fungus produce cankers and fruit bodies. 

A group of Populus alba trees w^as planted on the campus in the spring 
of 1938, located where the writer passed them almost every day and thus 
had a good opportunity to observe them closely. Three of these trees <lied 
within about 4 months after being planted. Although there was no sign of 
Oytospora canker on the trees when the first incons})icuous symptoms of 
impending death be<.*ame evident, pycnidia appeared generally throughout 
the bark of trunk and branches of one of them soon after the leaves became 
dry. This tree was cut and the base of the trunk placed in water, with the 
result shown in figure 3, A. One who examined the tree for the first time 
after Cyfospora had appeared could have supposed the fungus to have killed 
it. Cytospora pycnidia appeared on some of the limbs of the other two 
dead trees. Several limbs of these two trees, none of them with any evi¬ 
dence of pycnidia, were placed with one end in water and within two wc(‘ks 
a most abundant croj) of pycnidia was produced on the bark. When in 
need of good specdmens of Cytospora to show to his students, the writer 
merely cuts branches of ornamental pojdars or of forest willows, places them 
in water, and always obtains excellent specimens of the fungus. No in¬ 
oculation is necessary. The fungus appears to be generally present in the 
healthy bark of poplars, willows, and some other spe(*ies of trees in this 
region. 

The foregoing observations and experiments have made the writer some¬ 
what dubious of the actual parasitism involved in many cases of canker 
formation by C. chrysosperma. Sunken areas formed in tiie bark where 
the fungus is growing vigorously may be due chiefly to the fact that the 
fungus has digested portions of the tissues—it does not mean that the 
nonsunken portion surrounding the canker necessarily is healthy. Thus, 
when twigs are placed in water, the fungus forms a canker if it is only 
of local extent in the bark, otherwise it may fruit all over the surface of 
the twig without forming any definite canker. 

There is no donbt that most of the clones of ornamental poplars intro¬ 
duced from Europe and grown in Minnesota are poorly adapted to the soil 
and climate here. Observational and even experimental evidence indicates 
that Cytospora chrysosperma attacks weakened trees, but if it is generally 
present in the bark of trees so ill adapted to their environment as many 
aspen and native willows on poor sites, and many introduced varieties and 
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clones of ornamental poplars and mountain ash in this region, it must be a 
weak parasite indeed to permit such trees to survive at all. The writer 
certainly considers it an open question whether many of the trees seemingly 
parasitized by C. ehrysospcrma would survive were the fungus not present. 
The fact that many ornamental poplars succumb the first or second year 
after they have been transplanted w’ould also tend to emphasize the question 
as to whether, at least in tliis region, they die because they are invaded by 
C. vhrysospcnna or whether (\ chrynoapermay normally present in the bark, 
fruits on them because they are dying. The writer does not wish to imply 
that he believes C. vhrysospvrma unable ever to grow as a parasite, but 
certainly at times it has been incriminated on insufficient evidence. The 
writer is of the opinion that the poor survival of ornamental poplars in 
this region is due less to Cytospora than to the fact that these poplars are 
exo1i(' trees growing in soils and subjected to climatic conditions to which 
tliey siiu])ly are not adapted. The practical conclusion to be drawn from 
this is tliat, so far as the control of CVtospora canker on ornamental poplars 
is ('oiicerued, it would be far more to the point to try to develop varieties 
better adapted to the locality in wdiich they are to be grown, rather than to 
seek s])ecific prophylactics or remedies for this disease alone. 

DISCUSSION 

11 was not ])ossible to find any consistent difference in shape, size, or 
St nature of the ])y(‘nidia, or shape, size, or manner of production of conidia 
l)etw'e(*n Ynha sordiiUt, from as]>eu, and Cytospora chrysospcrma from other 
siHM'ies of poplar. At no time could the cultures of the dift'erent isolates of 
(\ rhrysospoioa as a group be distinguished from the cultures of isolates 
of r. sordida as a gi’oup. There w^re constant and characteristic differ- 
eiK'cs between different isolates, as pei’hai)s w’ould be expected, but the 
cultures of some isolates of chrysospi rma wwe almost identical wdth those 
of some isolates of T". sordida. From these results it seems fairly safe to 
state that those strains of C. chrysospcnaa growing on species of Populus 
other than P. tr< nndoides fall within the range of variability, in the charac¬ 
ters studied, of the imi)erfec1 stage of V. sordida. The writer has examined, 
but lias not studied thoroughly, the morphologic and cuiltural characters of 
some isolates of Cytospora from elm, walnut, 'willow, and a few other hosts 
and, at present, he has found no good basis for separating these from C. 
ch rysosj)crma on PopuIus. 

Cytospora chrysospcrma varies considerably in most of the characters 
studied. The length of conidia seems to vary wdthin relatively narrow 
limits, but the conidia of 'wdiat are considered to be other species of 
Cytospora fall wdthin these limits, so that tliis character alone is not a 
distinguishing character—or some of the species are not valid. The shape 
and microscopic structure of the pycnidia, though rather variable, are fairly 
characteristic, but Cytosporas considered to be other species have essen¬ 
tially the same structure. The manner in which the pycnidial stroma of C. 
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chrysosperma is borne in the bark of the host is typical of a large number 
of what have been considered other species. The spore tendrils are sup¬ 
posed to be rather large and yellow, but this depends greatly on environ¬ 
mental conditions. Fresh tendrils usually are yellow, but the wTiter has 
found C. chrysosperma on Poptdus alba and P. nigra with red spore 
tendrils, and when these were grown in culture the tendrils were yellow. 
Spores of both C. chrysosperma and F. nivca are exuded from old pycnidia 
in white masses, so evidently the color fades. The essence of the foregoing 
is that the wTiter has not yet been able to find any good diagnostic 
character of the species. 

The fact that the fungus is a more or less normal, though unseen, in¬ 
habitant of the bark of apparently healthy poplar, willow, ajid mountain 
ash trees, and does not fruit until the trees are dying, makes it difficult to 
judge how much of a factor it may be in the death of these trees. The 
writer believes he has a fairly good basis for suggesting that the fungus 
often is not responsible for the injury with wdiich it is associated. 

SUMMARY 

The pycnidia and conidia of Valsa sordida developed in the field and in 
the laboratory could not be distinguished from those of Cytospora chryso- 
sperma produced under comparable conditions. 

Isolates of V. surdida and C. chrysosperma differed among themselves in 
culture, but there was no (consistent difference between those of the former 
as a group and those of the latter as a group. 

Collections of Cytospora from hosts other tlian Populus could not be 
distinguished from collections of C. chrysosperma from spcides of Popiilas 
when compared as to structure of pycnidia, rate of growth on agar, and 
general cultural characters. 

C. chrysosperma is a common inhabitant of the bark of ap])arently 
healthy Populus trees, especially P. ircmuloidcs and P. alba, and ])robably 
also of willow and mountain ash. The degree of its parasitism on these 
trees is considered open to question. 

It is suggested that tlie problem of control of Cytospora canker on 
ornamental poplars should be approached by attempting to develop varieties 
of trees more suited to their general environment than the present ones. 

University Farm, 

St. Paul, Minnesota. 
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THE CHEMISTRY OF RESISTANCE OF PLANTS TO PHYMATO- 
TRICIIUM ROOT ROT, V. INFLUENCE OF ALKALOIDS^ ON 
GROWTH OF FUNGI" 

Clenn a. Gkkathoube and Neil E. Rioler 
(A ccejited for jmblication Febiaiavy 1, 1940) 

INTUODT^CTION 

The presence of alkaloids in plants has been suggested (5) as an impor- 
lant factor in the niechanisni of their resistance to Phi/matotrichum omni- 
tujrum (Shear) Duggar. Tliis was done by correlating the presence or ab¬ 
sence of alkaloids in plants with resistan(*e of the species to the fungus as 
reported by Taubenhaus and Ezekiel (16). This view was strengthened by 
demonstrating that Mahonia frifoliolaia Fedde, il/. awascyi Fedde and 
Songuinaria canadensis L. contained large (piantities of alkaloids toxic to 
the fungus and so located in the plant as to account fully for the resistance 
of the plant (6, 7). To further test the hypothesis, 62 different alkaloids 
from plants differing in their susceptibility to P, omnivorum have been 
studied by incorporating them, in various concentrations, into the substrates 
of the medium ordinarily used for pure culture of the organism. In addi¬ 
tion, for comparative purposes, the influence of 6 alkaloids on 6 fungi other 
than P. ornnivocnm has been determined. 

LITERATCRE REVIEW 

The influeuce of alkaloids on the growth of fungi has been the subject of 
several investigations. Bates (1) studied the effect of strychnine, quinidine, 
and caffeine on the growth of Aspcryillus niger and Rhizo})ns nigricans. He 
used concentrations of the alkaloids up to 1.8 per cent. Bates found that 
strycJniine sulphate increased growth of R. nigricans and of A. niger in 
Coons nutrient solution, and quinidine sulphate had a similar effect on the 
latter organism. Growth of both fungi was decreased by (*affeine citrate and 
that of JK. nigricans by ((iiinidine sulphate. These 3 compounds also re¬ 
tarded sponilation of A, niger, 

Marcacci (9) found that lactic acid fermentation was a<*eelerated by the 
I)resence of atropine and morphine but was retarded by quinine, rei*atriiie, 

' For the sake of convenience, the term ‘ ‘ ’ * is used in its broader sense to 

include the purines and some of the simpler naturally occurring nitrogen bases. 

2 Approved by the Director as Contribution No. 580, Toclmicnl Scries, of the Texas 
Agricultural Experiment Station. 
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einohonamine, and strychnine, the last the most active. All of the 

above alkaloids produced a favorable action on alcoholic fermentation except 
cinehonamine and quinine. 

Botryiis cinerea Pers. was cultivated by Nobecourt (10) on Baulins liquid 
containing^ varying: amounts of nicotine and sulx)hates of atropine, quinine, 
and aconitine. lie found that nicotine sulx>}iate in a conccjitration of .025 M 
and atropine sulphate in a concentration of .020 M did not hinder the grrowth 
of this fung;us. Growth was not retarded by .010 M of quinine suli:)hate, but 
a concentration of .020 M resulted in small tlialli with few ('ojiidiophores, 
while one of .030 M prevented g:rowth. Growth was visibly hindered by 
aconitine in a concentration of .002 M and g:reatly reduced by a eont*entra- 
tion of .004 M. A concentration of .010 M did not prevent the f^ermination 
of sx)ores, which was completely inhibited at .020 M. 

Smith (12) reported that Hotvytis cincrea g:rew very poorly in 1 i)er cent 
solutio]is of brucine and strychnine and that no growth occ'urred in a 2 per 
cent solution of quinine and caffeine. B-avaz and Gouirand (11), however, 
found that this funf>us jirew normally at 0.1 per cent concentration. The 
effect of caffeine, quinine, and nicotine on the gfcrmination of Botryiis cinerea 
spores was studied by Staritzky (14). He found no germination at 0.1 ])er 
cent and normal germination at .001 per cent of caffeine; normal germina¬ 
tion with .001 per cent (luinine sulphate; no germination at .001 per cent, 
and normal germination at .0001 per cent of nicotine. 

Yasuda (17) found that the growth of Penicillmm (flancum, Aspergillus 
nigei\ Botryiis cinerea, and Mucor stolonifer was increased by the addition 
of the hydrochlorides of cocaine, quinine, cinchonine, morphine, codine, and 
strychnine to Richards nutrient solution. The alkaloi<ls were used in (con¬ 
centrations varying from 0.2 to 2 per cent. As the concentration of alkaloid 
was increased, the coiiidioj^hores and si)orangiophores became thinner and 
shorter. Formation of conidia and si^orangia was entirely sui)i)ressed and 
replaced by that of chlainydospores when the optimum concentratioji for 
fungus-vegetation was surpas.sed. The weakest alkaloid for the fungi under 
consideration was the hydrochloride of morphine, while the strongest was 
that of cocaine. The fungi listed in order of their decreasing resistance to 
alkaloids are: P. glaucum, A. niger, B. cincrea and M. stolonifer, 

Ehrlich (2) mew Oidiuyn lactis, xispergillns niger, Penicilliurn glaucunif 
Willia anomala, Pichia farinosa, a mixed culture obtained by expo.sing the 
culture solution to the air, and an unknowj) species of wine yeast on a min¬ 
eral nutrient solution to which he added different alkaloids as the only source 
of nitrogen and ethyl alcohol or invert sugar as the source of carbon in con¬ 
centrations of 0.2 and 2 per cent, respectively. A control series without the 
alkaloid was run at the same time. The alkaloids used at 0.2 per cent were: 
pyridine, piperidine, coniine, nicotine, cinchonine, quinine, brucine, cocaine 
and morphine. Ehrlich obtained only a small amount of growth, least in the 
yeast cultures and greatest in the mixed cultures. Tlie retardation of growth 
he obtained was attributed to the poisonous action of the decomposition i)rod- 
ucts of the alkaloids. 
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Enders and Wiening:er (3) noted the effect of alkaloids on fermentation 
and multiplication of yeast. They found that the toxicity of alkaloids for 
yeast (as measured by the inhibition of fermentation and multiplication) 
diminished in the order: quinine, caffeine, cinchonine and pilocarpine. In 
general, much higher concentrations of alkaloids were required to inhibit the 
power to multiply than to inhibit fermentative ability. 

materials and methods 

Certain of the alkaloids used in this investigation were secured from the 
following: R. H. Manske, National Research Council, Ottawa, Canada; 
James P. Couch, Bureau of Animal Industry, Washington, D. C.; W. M. 
Neal, Florida Agricultural Experiment Station, Gainesville, Florida; H. 
Kondo, Imperial University, Tokyo, Japan; J. Madinaveitia, University of 
Edinburgh, Edinburgh, Scotland; Karl Polkers, Merck and Co. Inc,, Rah- 
w’ay. New Jersey. The (^ourtesy of these investigators iu providing alkaloids 
of their own isolation and purification is greatly appreciated. The alkaloids 
from Mahonia, Berbcris, and Baiujuinaria species were isolated and i)urified 
in this laboratory. The remainder were obtained from commercial sources 
and used without further purification. 

The effect of the alkaloids on the growth of Phipnatoirielium omnirornm, 
^>V7cro//a/n roif.sn Sacc., Fusarium rasi}tfecfum Atk., V(rficillium albo^afrum 
M(‘A., RhiioviiHiia sofani Kiihn, Avmilhirui mellea (Vahl.) Quel, and Ophio- 
bolus (framiuis Sacc. was tested by growing the fungi on a liquid medium to 
wlii(*h the alkaloid had been added in coiicentrations from .01 M to .0001 M. 
The nutrient solution*^ consisted of MgS 04 , 0.75 g.; K 2 HP() 4 , 1.35 g.; 
NIUNO^, 1.00 g,; KCL, 0.15 g.; and dextrose, 40.00 g. per 1. After removal 
of heavy metals by the method of Steinberg (13), Mir^, Fe^^, Cu^\ and 
were added at concentrations of 2.5 p.i).m. This solution is a modification 
of the nutrient solution 70 of Ezekiel, Taubenhaus, and Fudge (4) and has 
been shown by Talley and Blank (15) to give a proper sui>ply and balance 
of the major and minor elements necessary for this organism. The pH of 
the final nutrient .solution was approximately 6.5. 

The nece.s.sary amount of each alkaloid was added to sterile 250-ml. 
Florence flasks. Usually this was done by pipetting the ])roper quantity of 
a 95 per cent ethyl-alcohol solution of the compound into the flask; some¬ 
times, however, it was more convenient to weigh the alkaloid directly into the 
flask and add one ml. of alcohol for sterilization afterward. After the 
alcohol had evaporated, to each flask was added 25 ml, of sterile nutrient 
solution. Thus the opimrtunity for error due to heating chemicals and 
nutrient solution in presence of each other was avoided. The inoculum for 
eaxdi flask consisted of a disc 6 mm. in diameter cut from a nutrient agar 
plate covered with the mycelium of the fungus. The average dry weight 
of each disc was 2.5 to 3 mg. The cultures were incubated at 28'^ C. for the 

3 In one experiment with Selcrohum rolfsii and Ophioholus graminis, potato dextrose 
medium was used in addition to the standard solutions reported. 
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following lengths of time shown by ])reliniinary experiments to yield ap¬ 
proximately maximum mat weights: Sclcrofmrn rolfsii, 4 days; Funarinm 
vasinfectum and Rhizoctonia solanit 7 days; Veriicillium alho-atrtim^ 10 days; 
Phymatotrichum onmivorum and Ophioholus graminis, 21 days; Armillaria 
melted^ 28 days. After incubation, the fungus mats were removed by means 
of a hooked rod, washed with distilled water, dried to constant weight at 
80° C. and weighed on an analytical balance. Each value reported is the 
average obtained from six cultures inoculated at three suc(»essive times, or, 
in a few instances, in triplicate at two different periods. The control values 
W'ere obtained from six flasks without alkaloids run at each replication. 

EXPERIMENTAL RESULTS 

The results of growth studies on Phymatotrichum omnicorum, Sclcroiium 
rolfsii, Fusarhim vasinfectum, Vertieillium albo-atrum, Rhizoctonia solani, 
Armillaria mellea and OphiohoJusi graminis in nutrient solution to which 
alkaloids were added in conceiitrations of .01 M to .0001 M are presented in 
table 2. In table 1 are listed 02 alkaloids in order of their decreasing toxicity 
to P. omnivorum as measured by inhibition of mat weight. Although molar 
concentrations have been used, the ii.p.m. for .0001 M concentrations are 
listed for convenience in making comparisons on this basis. 

A study of the data in table 1 reveals the fact that certain alkaloids are 
highly toxic to Phymatotrichum omnivorum at low concentrations, while 
others are not inhibitory at high concentrations. At the lower concentra¬ 
tions of some of these (*omj)ounds there are indications of a slight stimulation 
of growth over that of the controls. The results indicate that this fungus 
may use the nitrogen base xanthine as a source of nitrogen, since the yields 
were 468 mg., 437 mg., and 419 mg., respectively, as (*ompared with 397 
mg. for the controls, for the concentrations of .01 M, .001 M and .0001 M. 

Toxicity of Alkaloids to Other Fungi 

As indicated earlier in the paper, the stiuly of certain of the alkaloids was 
extended to include Sclerotium rolfsii, Ophioholus granttnis, Rhizoctonia 
nsolanij Armillaria mcUea, Fusarium vasinf ectum, and Vertieillium albo- 
atnim. These data are presented in table 2. The order of decreasing 
ability of these fungi to tolerate the alkaloids are: V, alho-atrum, 1.7*^; P. 
vasinfectnmf 2.0; R. solani, 3.5; A, mellea, 4.2; O. graminis, 4.8; S. rolfsii^ 
5.5; P. omnivorum, 6.3. The order of toxicity of the compounds to the 7 
fungi are: sanguinarine 1.1, delphinine 2.4, berberine 4.1, gramine 4.3, 
solanine 4.3, veratrine 4.7. 

DISCUSSION 

Although a compound must contain nitrogen in a ring to be classified 
as an alkaloid, the other groups present exert a profound influence upon 

* The values ^iven arc the average relative order of e«nch of the 7 fungi in ability to 
tolerate the alkaloids. The values for alkaloids arc the average order of each in toxicity 
to the fungi. 
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the pliysiological behavior of the molecule. Unfortunately, the compounds 
tested are so complex and the proportion of the total number of possible 
compounds so small that it is not possible at this time to make any broad 
f?eneralizations ret>:arding the relationship between toxicity and chemical or 
physical properties. Nevertheless it is of interest to note the results ob¬ 
tained with several groups of related compounds. For example, the addi¬ 
tion of methyl groups to xanthine, to form theobromine (3, 7-dimethylxan- 
thine) and caffeine (1, 3, 7-trimethylxanthine) increases progressively the 
toxicit}" to Phymatotrichum omnivorum. Hypaphorine, the ineihylbetaine 
of tryptophan, was found to inhibit greatly the growth of P. omnivorum at 
a (‘onc*entration of .005 M. Brucine, dimethoxystrychnine, is more toxic 
than strychnine itself. The influence of methyl and methoxy groups at¬ 
tached to the benzene ring upon the growi:!! of P. omnivorum is reported 
elsewhere (8). 

All plants contain basic nitrogenous compounds, protein degradation 
products, (dioline, betaine, or similar substances that will react with certain 
of the alkaloidal reagents. How^ever, the occurrence of alkaloids in the 
ac(H'i)ted use of this term is (*onfined to a rather restricted number of botan- 
i(‘al groups. Some of the large groups of ])lauts do not so metabolize fheir 
nitrogen as to yield alkaloids. This is true of many of the genera of the 
Lahiatae and Compositae, although there is one outstanding exception in the 
genus Senccio of the Compositae. The grasses are not characteristically 
alkaloid-bearing. Although recent studies have revealed that gramine is 
present in Arundo douujr and Hordeum vulgare var. Chevalier I and II, 
Primus I and II, Gold \ Chevalier, etc.'; loliine in Lolium iemulentum; an 
unidentified alkaloid in Oryza sativa. Alkaloids isolated from other mono- 
(‘otyledonous plants are lycorine from some twenty species of the Amaryl- 
lidaceae; veratrine from Vcrafvum sahaddla, V. album, V, lohclianum, V. 
virid(, and V. nigrum. A number of the Liliaceae genera have yielded sev¬ 
eral alkaloids, c.g., Fritillaria and Zygadenus. The palms, with the excep¬ 
tion of the areca or betal })alni, are nonalkaloidal plants. In general, alka¬ 
loids are yielded by such important families as the Ranunculaceae, Berberi- 
daceae, Papaveraceae, Fumaria<*eae, Leguminosae, and Bolanaceae; these 
families contain s])ecies resistant to Phymatotrichum root rot. 

These data (Table 1) furnish information on 50 to 70 species of plants 
from 15 families that differ in their susceptibility to Phymatotrichum 
omnivorum. The relative toxicity of these alkaloids to P. omnivorum fol¬ 
lows in general the relative resistant rating of the plant from which they 
have been isolated. The (*orrelatioii between the presence of alkaloids in 
l>lants and their resistance rating to P, omnivorum has been published (5). 

The toxicity of alkaloids to this fungus does not correspond to their rela¬ 
tive toxicities for the animal organism. A similar observation on the influ- 

s Brandt, K., H. V. Kulcr, et al Iloppe-Seyl. Zeitsclir. Phys. CUcm. 236: 37-42. 1935. 

They found that the presence of gramme was correlated with the resistance of barley 
vai’ieties to nematodes. Ilordenine also has been isolated from barley, and it is identical, 
according to Hpiith, with a aimline from Anhalonium fiftmiratHm (Caetaceiie). 
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TABLE 1 .—Influence of alkaloids on the growth of Phymatoirirhvm omnirorum 



Dry wt. (nig.) fungus grown in nutrient solution plus the following 
concentrations of alkaloids 

(\>mpoun<i*' 

.01 M 

.005 M 

.001 M 

.0005 M 

.0001 M 

P.p.m. 
of free 
base at 
.0001 M 
cone. 

Sanguiuarinc" 

Sauguiiiarine* 

0 

0 

0 

0 

01 

35.1 

kSO, 

Chelervthrine 

0 

0 

0 

0 

0 

35.1 

HCl* 

0 

0 

0 

0 

01 

41.1 

Ijycoriiioi> 

0 

0 

0 

0 

28i 

(14-74) 

28.7 

Oxycauthine" 

0 

0 

0 

139 

(120-159) 

208 

(185-256) 

31.1 

Delphi 11 i UP 

0 

0 

0 

155 

(139-174) 

310 

(221-402) 

57.7 

Bcrbaiuhie" 

Berbcrine 

0 

0 

0 

162 

(145-201) 

268 

(214-541) 

35.:5 

HC1‘ 

0 

0 

0 

175 

(1.59-192) 

316 

(307-319) 

44.5 

Quinine 

0 

0 

29 

(15-46) 

211 

(193-231) 

559 

(529-565) 

32.4 

Veratrine 

Graniiiie 

0 

0 

65 

(18-74) 

223 

(194-250) 

356 

(301-419) 

59.1 

(donnxine)** 

0 

28 

(17-41) 

158 

(129-171) 

241 

(190-253) 

215 

(J98-229) 

17.2 

Protopuie<* 

0 

75 

(63-91) 

158 

(101-169) 

300 

(280-311) 

350 

(;!40-365) 


ljob(*line BO 4 

0 

8.5 

((»7-]05) 

161 

(130-190) 

305 

(293-519) 

540 

(511-597) 

5‘* 1 

Spartiodine^i 

Intcgerri- 

0 

09 

1 (80-112) 

172 

(133-278) 

i 


554 

(509-580) 1 

1 

55.5 

miue^’ 

0 

102 

(85-121) 

186 

(165-225) , 


559 1 

(517-546) j 

55.5 

Quinidinc 

Aspidospor- 

0 

B>9 

(89-117) 

295 j 

(276-515) 


569 

(560-589) 1 

56.9 

mine 

0 

115 

(99-1 :i2) 

255 

(211-240) 


564 i 

(549-384) 1 

55.4 

Eiihedrine 

Cinchonine 

0 

118 

(97-157) 

214 

(185-255) 


581 1 

(574-586) ! 

18.5 

IICl 

0 

124 

(110-154) 

285 

(169-550) 


585 

(568-421) 

29.4 

Nicotine 

0 

142 

(107-159) 

507 

(240-394) 


540 

(315-360) 

16.2 

Bcoulerine^ 

0 

145 

(125-169) 

308 

(291-326) 


344 > 

(356-351) 

52.7 

Caffeine 

0 

149 

(139-165) 

327 

(240-588) 


363 , 
(500-401) 

19.4 

Hypfiphorinee 

0 

151 

(120-169) 

314 

(285-328) 


360 

(327-386) 

28.2 

Eedrorsine*! . 

Mojiocrota- 

0 

154 

(129-180) 

310 

(225-357) 


347 

(329-374) 

35.1 

linef 

0 

159 

(159-182) 

311 

(287-377) 


360 

(336-407) 

32.8 
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TABLK -[.—(Continued) 



Dry wt. (mg.) fungus grown in nutrient solution plus the following 



concentrations of alkaloids 



C^ompoundh 






P.p.m. 
of free 


.01 M 

i 

.005 M 

.001 M 

.0005 M 

.0001 M 

base at 
.0001 M 







cone. 

Lupin ineK 

0 

160 

311 


374 

35.2 


(139-190) 

(271-387) 


(340-444) 


Escriiic (pliT- 







Bostigniinc) 

0 

163 

315 


370 

27.5 


(143-182) 

(2(19-382) 


(349-401) 


Atropiuo 

0 

164 

320 


369 

29.8 


(1:14-192) 

(301-352) 


(326-4.35) 


Sj).*irtoin(‘ 8O4K 

0 

165 

1 3.39 


357 

23.4 


(136-194) 

(.309-.387) 


(339-386) 


PollotipriiK* i 







SC). 

0 

166 

* 316 


379 

14.1 



(146-187) 

(277-366) 


(3.50-406) 


Corliinrnip'* ! 

0 

198 

322 


382 

38.3 



(17.3-210) 

(296-340) 


(344-415) 


(’orvdiuo ; 

i) 

200 

323 

1 

363 

36.9 


(183-215) 

(296-344) 


(329-398) 



0 

298 

365 


384 

39.6 

i 


(28.3-315) 

(320-445) 


(344-453) 


BotJiiiip HC’l 1 

^ ; 

1 303 

374 


419 

11.7 

! 

1 

! (3H!»-314) 

(315-484) 

374 


(397-436) 


Tryptniniiip , 

0 : 

320 


408 

16.0 


; (300-.359) 
333 

(341-400) 


(389-421) 


Briifiiu* i 

4 

349 


389 

46.6 

1 

(0-7) 

' (319-356) 

(3ll-,397) 


(349-422) 



! 7 

i 333 

372 


361 

36.7 


(0-13) 

1 (3i(»-:ir>7) 

(322-414) 


(3.37-370) 



:20 

! 339 

346 

1 4(»4 

24.8 

; (0-70) 

i (310-;i60) 

(318-400) 

1 (376-450) 


l-tptniliydiO' 


1 





-f- 

.34(1 

314 

353 

35.5 

1 (i —(>8 ) 

i (320-371) 

(274-:i65) 

' (346-368) 



i .”)(> 

; 341 

379 

: 371 

38.5 


1 (:t7-07) 

! (316-:551) 

(297—416) 

1 (329-404) 


Ocliotpiis'mp'^ 

120 

338 

3:1.5 

! 380 

:35.1 


1 (103-137) 

; (327-342) 

(32:i~:340) 

! (369-391) 


8t rvclniine 


1 




iwi 

1 107 


339 


I 363 

:33.4 


; (1(»;V104) 

i 

(291-381 ) 


(337-402) 

30.3 

C’opaiiip TlCl 

! 142 




.368 


(i:i2-ir»(i) 


(311-:i27) 


(349-418) 


l^rocainp 




( 1 

23.6 

11 n , 

185 


:^.52 

1 1 367 

(17:1-211) 


(338-399) 

1 

j 

(346-394) 


aHMvllin)- 

! 





27.3 


1 211 


.334 


347 

i (1R3-248) 


(287-365) 


(294-364) 

31.6 

Tnlupinee 

i 242 


:i57 


401 

(I9(>~:i3r>) 


(3:33-411) 


(376-4,56) 


Histamiiio di 





422 

11.1 

HCl 

271 


385 


Tyramiiie IICI 

(258-294) 

273 


(343-419) 

364 


(411-439) 

429 

13.7 

(203-288) 


(353-378) 


(382-470) 

30.3 

Hyospine HOI 

288 


351 


361 

(200-305) 


(344-388) 


(348-385) 
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TABLE 1.— (Continued) 



Dry wt. ( 

[mg.) fungus grown in nutrient solution plus the following 
concentrations of alkaloids 







P.p.m. 

Compound** 






of free 


.01 M 

.005 M 

.001 M 

.0005 M 

.0001 M 

base at 







.0001 M 







cone. 

Theobromine 

306 


356 


407 

18.0 


(296-318) 


(349-360) 


(375-455) 


Choline HCl 

322 


387 


389 1 

12.1 


(311-330) 


(286-423) 


(283-423) 


(Vdchicine 

331 


373 


406 

39.9 


(302-377) 


(326-453) 


(365-451) 


Oupaurine‘* 

336 


355 


370 

37.3 


(304-374) 


(341-370) 


(360-385) 


(Vipauridine<* 

337 


354 


353 

37.3 


(332-341) 


(346-360) 


(341-365) 


Hyosoyamine 







HCl 

339 


372 


358 

28.9 


(326-349) 


(35.*-399) 


(331-401) 


Hydra Stine 

343 


360 


373 

38.3 


(323-356) 


(329-397) 


(336-419) 


Homatropine 

358 


375 


384 

27.5 


(339-382) 


(337-407) 


(341-‘m) 


Aconitine I 

359 j 


351 


350 

64.7 


(310-392) , 


(322-374) 


(337-360) 


Adreualino 

! 





j animal 

393 1 


429 


439 

18.3 

( alkaloid 

(369-416) 


(401-457) 


(430-448) 


Xanthine 

468 1 


437 


419 

15.2 


(450-4*3) 1 


(420-446) 


(410-435) 


Controls = 

1 





Av. 397 






(346-452) 

1 

1 

1 

j 





“Isolated and purified in U.S.D.A. Plant Physiology Jjahoratory, Pollege IStation, 
Texas. 

Donated by Dr. H. Kondo, 
c Purchased from Dr. J. Madinaveitia. 
d Donated by Ur. K. TI. Manshe. 
e Donated by Dr. Karl Folkers. 
t Donated by ])r. W. N. Neal. 

8 Donated by Dr. Jana's (Joucli. 

Solanine (glucoaide-alkaloid) and zygadeinun alkaloids were tested at 0.1%; .01%; 
and .001% and yielded 0 ing., 14 mg. and 354 mg.; 0 mg.^ 19 mg. and 252 mg., respec¬ 
tively. 

i Sanguinarine was found to completely inhibit the growth of the fungus at 2.5 
p.j).m.; chelerythrine tested under similar conditions yielded 3.4 mg. fungus mat at 10 

p.p.m. (6). 

1 The first number given is tlie average value of 6 cultures, while the figures in paren¬ 
thesis show the range of growth, i.e,, the minimum and maximum values obtained. 

ence of quinine, c-affeine, cinchonine, and pilocarpine on the feriuentation 
and multiplication of yeast has been recorded by Enders and WieniiiKer (3). 

The data (Tables ] and 2) of this investigation indicate clearly that it is 
prudent to reserve judgment on the protective role of an alkaloid until it has 
been isolated from the host tissue in the pure form. The eonceutratiou and 
localization, as well as the toxicity of the compound to the parasite in qHe.s- 






TABLE 2 ,—Inftitejice of certain allcahith on the growth of seven fungi. The results are calculated as the percentage of the controls 




A.m. = Armillaria mellea; P.v. = Fiisarium vasinfectum ; V.a. - VertieiUium albo-atrum. E.s,, S.i*.. and A,m. were secured from W. N. Ezekiel; F.v. and V .a. from 
C. D. Sberbakoff; O.g. from Hurley Fellows; P.o. isolate Xo. 28 from L. M. Blank, 
b P.d. = Potato dextrose; Xo. 70 = standard solution described in text. 

« Since replicates witliin a treatment were average in uniformity, the range of mat weights was omitted. 
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tion, should be determined before predicting? the possible relation of a given 
compound to the resistance or immunity of a plant. 


SUMMARY 

Sixty-two different alkaloids from 15 families and 50 to 70 species of 
plants differing? in their susceptibility to Phymatotrichum root rot have been 
studied as to their influence on the growth of this fungus. Sanguinarine 
w^as found to be the most toxic alkaloid studied. It completely inhibited the 
growth of Phymatotrichum omnivorum. at a concentration of 2.5 p.p.m. The 
alkaloids are listed in order of their decreasing toxicity, on a molar basis, to 
P. omnivorum: Sanguinarine, chelerythrine, lycorine, oxyacanthine, delphi¬ 
nine, berbamine, berberine, quinine, veratrine, graniine, protopine, lobeline, 
spartiodiiie, integerrimine, quinidine, aspidospermine, ephedrine, cincho¬ 
nine, nicotine, scoulerine, caffeine, hypaphorine, retrorsine, monocrotaline, 
lupinine, eserine, atropine, sparteine, pelletierine, corluniine, corydine, delta- 
line, betaine, tryptamine, brucine, bicuculline, dl-lupaniue, 1-tetrahydro- 
palmatine, bicucine, ochotensine, str>^ehniue, cocaine, procaine, a-eryth]‘o- 
idine, trilupine, histamine, tyramine, hyo.scine, theobromine, choline, colchi¬ 
cine, capaurine, capauridine, hyoscyamine, hydrastine, homatropine, aconi¬ 
tine, adrenaline, xanthine. 

The influence of 6 alkaloids on growth of Phymatotrichum omnivorum, 
Sclerotium rolfsii, Ophiobolus (jraminis, Armillaria mellea, Rhizoctonia 
solanif Fusarinm vasinfectnni, and Vcrticillium albo^atrum in liquid culture 
were studied, and it was found that the fungi show increasing ability to 
tolerate alkaloids generally in the order given. Although the fungi reached 
differently to different alkaloids, the order of decreasing potency among the 
compounds tested w^as sanguinarine, delphinine, berberine, gramine and 
solanine, and veratrine. 

In general, the relative toxicity of the alkaloids studied to Phymato¬ 
trichum omnivorum follow the relative resistant rating of the plant from 
which they were isolated. This indicates that certain alkaloids in roots of 
plants constitute an impoi’tant factor in the resistance of these plants to 
P. omnivorum. 

College Station, Texas 
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TOXKITY OF PAKADICHLOROBENZENE IN RELATION TO 
CONTROL OF TOBACX^O DOWNY MILDEW^ 

J . A . P 1 N c‘ K a R i» , Ruth McLean, F , R . Parkis. 

P . M . Gr 0 s s and F . A . W 0 L f 

(Accepted for publieatiou Feh. 8, 1940) 
lNTRODU(’TION 

Experimentation involving the n.se of organic eoniponnds to control 
tobacM'o downy mildeAv has noAv been in progress for several years. Empiri¬ 
cal methods were used in our early experiments (3) with fumigants; but, 
gradually, a better understanding of the principles underlying their use has 
been evolved (5, 8 ). These studies have shown that volatile materials may 
be more effective fungicides than the nonvolatile ones ordinarily employed 
as (lusts or sprays. It seems probable that the greater efficacy of volatile 
materials is related to their action not only as protectants but also as 
eradicants. This latter mode of action is novel in the field of plant pa¬ 
thology and is dependent xipon the ability of volatile substances to penetrate 
infected leaves and either to inhibit the development of the pathogen or to 
be lethal to it, in sitUf without apparent injury to the host tissues. 

Although our studies have been concerned primarily with benzol, other 
volatile materials have been tested and found to have a similar mode of 
action. Prominent among those that have given promise of success is 
paradichlorobenzene, P-C 6 H 4 CI 2 . This volatile crystalline product has long 

1 Cooperative investigations conducted by the Virginia Agricultural Experiment Sta¬ 
tion and l>uke University. 
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been used as an insecticide, especially a grains! peach-tree borers and clothes 
moths. Apparently, no attempts were made to employ paradichlorobenzene 
(hereafter called PDB) to control plant diseases prior to 1936, when it was 
used in seedbeds as a fumigant against downy mildew (3). In these ex¬ 
periments the crystals of PDB were placed in pans resting on the soil 
amongst infected plants, but without appreciable beneficial effect. Two 
years afterward the late W. M. Lunn, of Florence, South Carolina, observed 
that, in seedbed experiments, PDB had considerable promise as a control 
agent of this tobacco disease, and encouraged investigations by others with 
this material. Subsequentl}^ reports by Clayton (1) and Pinckard and 
McLean (6) appeared. The most important results from the work of 
Pinckard and McLean (6) were that they called attention to failure to 
control downy mildew if ordinary seedbed covers are used for retaining 
PDB vapor within the bed, that best control occurs if the area of the surface 
on which the crystals are distributed to be vaporized is equal to that of the 
seedbeds, and that this compound becomes an eradicant fungicide if used 
in sufficient concentrations. 

It appeared desirable to learn what concentration of PDB could be 
tolerated by tobacco seedlings on the one hand, and what strength wns toxic 
to the tobacco downy-mildew^ fungus on the other. No methods w^re avail¬ 
able by which this could be accomplished, since the usual methods of 
evaluating the fungicidal or germicidal properties of chemical substances 
are manifestly of little value when applied to gaseous fungicides. It be¬ 
came necessary, therefore, to devise, first of all, a laboratory method for 
testing the fungicidal value of PDB, to deiiumstrate the accuracy of this 
method, and finally to initiate a series of laboratory studies to determine 
the minimal concentration of this fumigant that can be safely used against 
tobacco downy mildew\ 

The present report embodies the results of these studies wdth PDB that 
are deemed basic to experimentation involving tobacco plants growing in 
seedbeds. In addition it discusses a general procedure applicable to 
investigation of volatile fungicides. 

APPARATUS AND METHODS 

Laboratory studies on the fungicidal value of volatile substances would 
appear to be most useful and the results would seem best to serve as the 
basis for subsequent field experiments if both the host and parasite could 
be acted upon simultaneously by the chemical under consideration. It 
would appear, furthermore, that an apparatus constructed to accomplish 
this pxirpose should possess the following features: It should be so con¬ 
structed as (a) to insure a controlled concentration, in the air, of the vapors 
of the volatile substance to be tested; (b) to provide tor continuous fiiow 
of a stream of the vapor-air mixture at a constant rate through chambers 
containing living seedlings; and (c) to maintain constant environmental 
conditions for the desired period of time. Since no such apparatus has 
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been described in the literature, one especially desired to meet the above 
requirements constructed for the present studies. 

A diagram of this apparatus is shown in figure 1. Air was introduced 



Fio. 1. Diagvfimniatic plan (»f apparatus tniiployed to study toxicity of paradieldoro- 
beiizeno. 


into the apparatus tlirough a calibrated flowmeter A. The air was partially 
dried by passage over calcium chloride B, and further desiccated over 
phosphorus pentoxide in order to prevent condensation of moisture in the 
saturator G and its snbse<pient accumulation in the absorption tubes or 
freezing trai)s L. In the experiments performed, using low concentrations 
of the vapor, the air was passed over concentrated sulphnide acid to assist 
in the removal of moisture. The dry air was tlien led into a copper tube 
of small bore (‘oiled on the inside of the water bath 1). This precooling coil 
V insured that air introduced into the saturator 0 would be of the proper 
temperature. Saturation of the incoming dry air was effected by leading it 
through a coil consisting of approximately 22 feet of J in. copper tubing 
that had been filled loosely with crystals of PDB of a size corresponding 
to the manufacturer's grade No. The vapor-air mixture, water bath, and 
coil were maintained at (‘unstant temperature during the course of the 
experiments. The temperature of the bath D was regulated by means of 
ice or was kept constant by flowing tap water. A milled copper block was 
soldered to the saturator coil G and a drill hole, with tube, was used to bring 
a thermometer bulb E in close contact with tlie wall of the saturator G. It 
is preferable to use two thermometers, one at each end of the saturator coil 
G. The air saturated with vapor was next led into a short copper tube sub¬ 
merged in the bath in order to prevent heat transfer from the atmosphere to 
the outlet of the saturator. The opening of this tube led into a Y tube, one 

2 The paradichlorobenseiie employed, 99,8 per cent pure, was kindly supplied by the 
Solvay Sales Corporation, New York, N. Y. 
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firm of which was connected with a calibrated flowmeter with air intake A'* 
The other outlet of the Y tube led to a mixing chamber H, and the gas was 
drawn over the plants in chambers I similar to those described in an earlier 
paper (5). These chambers could be placed in another water bath, having 
either the same temperature or a higher one tha^ water bath D. Mainten¬ 
ance at lower temperatures than those of water bath D would result in pre¬ 
cipitation of crystals from the vapor if saturation conditions should prevail. 
To move the gas through the system pressure is preferred to suction. A 
slight positive pressure is preferable to negative pressure, as it eliminates 
possible dilution of the vapor stream of fixed concentration by leakage of 
air into the system. All connections were of the butt-type and were 
carefully protected with shellac, since PDB vapor is apj^eciably soluble in 
rubber. 

ESTIMATION OF PDB VAPOR CONCENTRATION 

The concentration of PDB vapor in the gas-air mixture, delivered to 
the chambers coiitaiiiing tobacco seedlings, was estimated by freezing out 
the paradichlorobenzene from a known volume of the vapor^ir mixture. 
This was done by permitting a measured volume of the mixture to pass 
through suitable freezing traps. These traps (Pig. 1, L) were constructed 
of thin pyrex tubing with outside dimensions of approximately 120 by 10 
mm., the inner tube being 4 mm. in diameter. After stoppering the side 
arms with corks and weighing they were put into the system, replacing the 
plant chambers I. A calcium chloride guard tube was eonneided with the 
exit arm of the freezing trap to prevent entry of moisture. After sweeping 
the air and moisture from the freezing trap, the flow of vapor-air mixture 
was stopped to permit tlie freezing trap to be lowered into a Dewar flask 
containing a freezing mixture of 95 per cent ethyl alcohol and solid carbon 
dioxide. The flow was then resumed and a known volume was drawn 
through the trap at a fixed rate. The temperature of the freezing mixture 
and trap was maintained at approximately - 70° C. 

Since the vapor pressure of PDB at ~70°(^ is negligible, the weight 
(IF) in grams per liter of PDB frozen from the dry vapor-air mixture be¬ 
comes a directt (juantitative measure of the PDB content of the mixture being 
drawn through the system. Since the weight of the vapor and the volume 
of the gas, together with the temperature and the total pressure, were known, 
the partial pressure of the vapor was computed from the gas formula.'* 

3 Where JV is the weight of the vapor in g., Jf the gas constant in liter atanos., T the 
absolute temi)erature, M the molecular weight, T the total volume in liters, and p the 
partial pressure of the vaijor in mm. then * 


From the partial pressure p, and the total pressure P both in mm., the volume per cent 
of vapor present is computed by the relation 

volume per cent -px 100 

Since the total pressure P varied but slightly from the normal atmospheric pressure, F 
was regarded as 761) mm. in these computations. 
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A measure of the accuracy of the method of analysis of the PDB content 
of the vapor-air mixture is shown by the series of measurements in table 1. 
In series 4, 5, and 6 the saturated vapor-air stream was diluted with 7.5 1. of 
air, whereas saturation was maintained in all others. 


TABLE 1.— Analysis of PDB content for mpor-air mixtures delivered hy apparatus 
for determining its fungicidal value 


Scries 

Temperature of 
vaporization 

i Weight of PDB 
per gross vol¬ 
ume of gas- 
air mixture 

Partial pressure 

Concentration 
of PDB 

Calculated 
from weight 

Calculated 
from vapor 
pressure-curve 

Ko, j 


G, ! 

Mm. 

Mm. 

r oh per cent 

1 

12.5-13.0 . 

0.0418* 

0.317 

0.312 

0.041 

2 

13.0 

0.0439* 

0.332 

0.320 

0.043 

3 

13.0 

0.0415* 

0.314 

0.320 

0.041 

4 

13.5-H.O 

0.0246* 

0.187 

0.163c 

0.024 

5 

14.0 

0.0250* 

0.190 

0.166c 

0.025 

6 

13.5-14.0 

0.0247* 

0.188 

0.163c 

0.024 

7 

0.2 

(K0168b 

0.078 

0.090 

0.0103 

8 1 

0.2 

0.0176‘> 

0.082 

0.090 

0.0108 

1 

0.2 

0.0177b 

0.082 

0.090 

0.0108 


a 10 liters, 
b 24.82 liters. 

C/alciilfited from vapor pressure and dilution. 


It becomes apparent b.y means of this method of analysis that a satis¬ 
factory approximation of the PDB content of a vai)or-air mixture can be 
made. In this connection it may be pointed out that apparatus of the type 
just described should be generally useful in toximetric experimentation 
with other pathogens and with other volatile compounds. 

DETKUMINATION OF TOXIC AND FUNGICIDAL VaVLUE OF PDB 

Methods 

Following the development of apparatus capable of delivering a continu¬ 
ous stream of a vapor-air mixture at a constant PDB concentration, a series of 
experiments were undertaken to determine the maximal concentration of the 
fumigant tolerated by tobacco seedlings and the minimal concentration that 
is fungicidal. These experiments iuA’olved 1, varying the concentrations of 
PDB vapors and 2, varying the duration of exposure. The concentrations 
were varied by maintaining desired constant temperatures for saturating 
the air passing over the seedlings in the jars, or by diluting the vapor-satu¬ 
rated air mixture with a known volume of air introduced through the flow¬ 
meter A' (Fig. 1). After preliminary experiments involving exposures of 
3,6, or 9 hours, twelve-hour periods of exposure were selected. Applications 
were made at night. Each successive application w^as made after an interval 
of 12 hours. 

The tobacco seedlings used included the varieties Yellow Mammoth, 
White Stem Orinoco, and Jamaica, all of which are equally susceptible to 
infection with downy mildew. They were grown in half-gallon, screw-cap, 
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glass jars containing approximately 500 g. of soil. When the seedlings were 
about 4 in. tall, the inoculum, consisting of a water suspension of freshly 
formed sporangia, was applied with a compresed-air atomizer. Conditions 
favorable for infection were then provided. Three or 4 days after inocula¬ 
tion the first application of PDB vapor was made, employing 3 to 5 jars of 
seedlings with each series. After each treatment the jars were aerated by 
directing a stream of air through the inlets until odor of PDB could no 
longer be detected. Absence of odor indicated that the coueeiitration of 
PDB in the moisture present was less than J part per 100,000. This figure 
is approximately the lower limit of PDB concentration in aqueous solutions 
that gives a perceptible odor. It was estimated by the use of a Zeiss water 
interferometer to determine the amount of PDB in water solutions in whicli 
odor could just be detected. Experience showed that the jars required con¬ 
tinuous aeration for several days to remove all traces of odor. 

Two types of checks or controls were used, (a) inoculated nontreated 
seedlings and (b) noninoculated, nontreated seedlings. Fungicidal action 
following treatment with PDB was not apparent earlier than 6 to 8 days 
after inoculation, since this period corresponds with the length of the spo- 
rangial cycle. Toxicity to the host, however, was aj)parent either ilnring 
the period of exposure or shortly thereafter. 

The data resultant from these series involved seedlings in 183 jars, 131 
of which were fumigated, while 42 served as inoculated controls and 10 
served as healthy controls. 


EXPERIMENTAL RESULTS 
General Results 

It was anticipated, as has been indicated, that the two factors (a) con¬ 
centration of vapors and (b) duration of exposure to these vapors should be 
of primary importance, and, tlierefore, should be given major consideration 
in studying the toxicity of PDB. These factors would appear to be evalu¬ 
ated most succinctly by presenting certain selected data from among the 
body of data that has been secured. All other factors seem to be secondary, 
but it has not been possible quantitatively to assay the infiiieiice of each of 
these factors. Among the secondary factors that have been considered are 
mode by which tolerance of host and pathogen to PDB vapoi-s is influenced 
by temperature and by presence of films of moisture on the foliage. Com¬ 
parisons also have been made of tolerance of infected and healthy seedlings 
to PDB. It is clear from supplementary evidence that the above factors do 
not affect our results on the toxic limits within the precision of onr determi¬ 
nations. Therefore, the following conclusions appear to be warranted, (a) 
The temperature at which seedlings are maintained during treatment, 
within the range 13® C. to 25® C. is without significant influence on the toxic 
and fungicidal limits, (b) The presence or absence of visible films of mois¬ 
ture on the foliage during fumigation does not appear to modify suscepti¬ 
bility of tobacco seedlings or of the pathogen to injury, (c) Infected 
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seedlings seem to be neither more nor less susceptible to injury than do 
healthy ones. 

Influence of Varying Concentration of PDB 

In contrast to the relative unimportance of the secondary variables just 
discussed is the influence of concentration and duration of exposure in 
determining toxic limits. The effect of concentration is clearly brought out 
by data in table 2, which apply to single applications. 


TABLE 2.— Funfficidal and toxic inflidcnee of varying concentrations of PDB. 
Single applications of 18 hours * duration 


Series 
No. 1 

. .1 

Total No. of 
jars used 

Concentration of 
PBB va|)ors 

Control of patho¬ 
gen, No. positive 
or negative 

Injury to host 



VoL per cent 



1 i 

11 

0.01 

Negative, 11 

None 

^ i 

4 

0.014 

Negative, 4 ^ 

None 

3 ! 

4 

0.017 

Negative, 4 

None 

4 

14 

0.02 

Positive, 12 
Negative, 2 

None 

5 1 

4 : 

0.022 

Positive, 2 
Negative, 2 

None 

6 

3 

0.0375 

Positive, 3 

Slight 

7 

pf 

1 

0.042 

Positive, 7 

Slight, 6 
Severe, 1 


The data in table 2 indicate that when single fumigations of 12 hours 
duration are given, there is a range of concentration of PDB vapors within 
wliich fungicidal a(‘tion against tobacco downy mildew does not occur. 'With 
increased concentration, however, there is a range in which sporangial for¬ 
mation is inhibited without evidence of injury to the tobacco seedlings. As 
the voluine-ijcrcentage conceuti*ations are further increased the seedlings 
are injured, least damage o<*curring with the lower concentrations. The 
termini of these ranges are not sharply delimited, an observation entirely in 
accord with similar studies ijivolving biological materials. PDB is slightly 
fungicidal if infected X)lanls are exposed for a 12-hour i)eriod to an atmos- 
X>here saturated Avitli PDB vapors within the range of 0.01 to 0.022 volume 
percentage (equivalent to saturation at O'^ C. to 7° C.), but the pathogen is 
not eradicated. Eradicant action was exhibited at complete saturation 
within the range 0.022 to 0.0375 volume percentage, equivalent to saturation 
at 7° C. to 12® C. Definite injury" to seedlings resulted if the concentration 
was above 0.037 volume percentage. This is equivalent to saturation at 
12® C. 

Influence of Repeated Applications 

It seemed probable that volume-percentage concentrations within the 
range found to be nonfungicidal with a single application of PDB might be 
effective if applications were repeated on successive nights. The importance 
of repeated applications is clearly evident from the data in table 3. 

As was anticipated, repeated applications of PDB were found to be more 
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TABLE 3 .—Fungicidal and toxic influence of repeated applications of PDB at 
varying concentrations 


Series 

No, 

Total No. of 
jars used 

Duration of 
fumigation 

Concentration i 
of PDB vapors 

Control of pa thogen, 
No. positive or 
negative 

Injury to 
host 

1 

8 

I/r. 

12 

Fol. per cent 
0.01 

j 

Positive, 2 

None 

2 

8 

24 

0.01 

Negative, 6 
Positive, 6 
Negative, 2 
Positive, 6 

None 

3 

8 

36 

0.01 

None 

4 

8 

48 

0.01 

Negative, 2 
Positive, 8 

None 

5 

4 

12 

0.02 

Negative, 0 
Positive, 2 

None 

6 

4 

24 

0.02 

Negative, 2 | 

Positive, 4 

No lie 

7 

4 

36 

0.02 

1 Negative, 0 

Positive, 3 

None 

8 

4 

1 

48 

0.02 

Negative, 1 
Positive, 4 

None 

9 

4 

12 

0.022 

Negative, 0 
Positive, 2 

None 

10 

5 

24 

0.022 

Negative, 2 
Positive, 5 

None 

11 

6 

36 

0.022 i 

Negative, 0 
Positive, 6 

None 

12 

5 1 

36 

0.044i7 1 

Negative, 0 
Positive, 5 

Hovere 

13 

5 

48 

1 

().(t4C7 1 

Negative, 0 
Positive, 5 

Severe 




1 

Negative, 0 



effective than a sinjjlc application. The data indicate that within the ran{?e 
0.01 to 0.02 vohnue-perccntafre concentrations, effective funpicidal action 
follows the use of 4 applications on conseciitive nifrhts. Three consecutive 
fumigations were retpiired at a concentration of 0.022 and caused no injury 
to the plants. Concentrations of 0.046 u.sed on 3 or 4 successive nights, how¬ 
ever, caused severe injury to the seedlings. 

GENEHAL CONSIUERATIONS 

The experimental results with PDB illustrate the jirinciples that have 
already been set forth concerning the mode of action of volatile fungicides 
(8). An appreciation of the mode of action of volatile fungicides may be 
had if certain fundamental physical and chemical facts are borne in mind. 
Volatile chemicals are distributed over both the external and the internal 
surfaces of the leaves by virtue of their ability to evaporate at ordinary 
temperatures. By virtue of their solubility in water they enter into solution 
an external aqueous films, and iu moisture within the cell where they may 
react with cell constituents. The concentration of vapors in water is deter¬ 
mined (a) 1^ the partial vapor pressure of the volatile chemical in the 
atmosphere in contact with aqueous films, and (b) by temperature. Fungi¬ 
cidal action depends upon the two factors, volume-percentage concentration 
and duration of treatment. "While the fungicidal value of any given volatile 
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compound is related to each of the factors enumerated, there is also a specific 
effect. This depends on the differential interaction of the compound with 
host and pathogen, respectively. It may be either physical, involving effects 
such as solvent or surface action, or it may be a specific chemical interaction 
with particular cell constituents. 

As concerns PDB there is a relationship between temperature, vapor 
pressure, volume-percentage concentration and the ranges within which 
injury to tobacco seedlings and to Peronospora idbacma occurs. This can 
best be appreciated if presented graphically, as in figure 2. This graph is 
based on findings in the present study and on PDB vapor-pressure measure¬ 
ments made in our laboratories and reported elsewhere (2). In it vapor 
pressure and the eorres])onding saturation vapor concentration are plotted 
as functions of the temperature. The limitation imposed by temperature 

va% 



VAPOR PRESSURE IN MM. 

Fig. 2. Graph showing relationship of temperature, vapor pressure and volume 
percentage coneeiitration of paradicblorobenzene at saturation and their ranges of toxic 
action in one 12-hour period. 
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on tiie vaporization of PDB is at once apparent, In the lower ranges the 
vapor pressures and, therefore, the saturation concentrations increase very 
slowly with temperature, 

PRACTICAL IMPLICATIONS 

While it has been possible by repeated fumigation to control tobacco 
downy mildew under laboratory conditions with saturation vapor pressures 
of PDB within the temperature i^ange 0° to 7° C., this compound might be 
ineffectual in seedbeds within this temperature range for the reason that it 
would be impossible, because of leakage, to secure and maintain these satu¬ 
ration pressures. This limitation in use of PDB as a fumigant against 
tobacco downy mildew in seedbeds may be circumvented by certain pro¬ 
cedures, as will be considered in an accompanying report (4) that details 
the results of field experiments. 

HOST-PENETRANT FUMIGANTS 

In view of the novel mode of action of PDB and related volatile sub¬ 
stances, it seems desirable to designate them as host-penetrant fumigants. 
This emphasizes the important distinction that arises because of their ability 
to penetrate within tissues and act therein. This is in contrast to the im¬ 
mobility and lack of host-penetrating power of such agents as sprays and 
dusts that function as protectants on the external leaf surfaces. 

It is clear that these penetrants could act in a number of different ways. 
In the cases of benzol and of PDB this action, which, either directly or indi¬ 
rectly, involves the host or the pathogen, is so effective that these compounds 
act as eradicants. The importance of such penetrant action is apparent 
when it is realized that it is possible by means of volatile fungicides to check 
the course of infection. In this sense they may be said to serve as curatives. 

SUMMARY 

Paradichlorobenzene, a volatile crystalline compound, is fungicidal to 
PeronoHpora tabaoina and acts as an eradicant without appreciable injury 
to the host. 

The minimal concentration of paradichlorobenzene vapor fungicidal to 
tobacco downy mildcAv is within the. range 0.01 and 0.02 volume percentage, 
equivalent to saturation pressures within the temperature range 0® C. to 
7° C. Three to 4 consecutive treatments within this range are requisite for 
effective fungicidal action, A single application within this range does not 
effect eradication. 

The maximal concentration of paradichlorobenzene vapor tolerated by 
tdbacco seedlings for a single 12-hour fumigation is approximately 0.0375 
volume percentage, equivalent to saturation at 12® C. 

Temperature also is a factor of major importance in delimiting the con¬ 
centration of PDB vapor obtainable. 

The toxie limits of PDB were determined by an apparatus that should 
be generally useful in toximetric experimentation. 
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The concept of penetrant fumigants is developed and its implications are 
indicated. 
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THE USE OF PARADKIILOROBENZENE IN SEEDBEDS TO 
CONTROL TOBACCO DOWNY MILDEW^'^ 

K T T H McLean, d . A . P i n c k a r d , F . E . Darkis, 

F. A. Wolf and P . M. Gross 

(Accepted for publication Feb. 5, 1940) 

INTRODUCTION 

Field experiments involving the employment of paradiclilorobenzene 
(p~ C«H 4 Cl 2 ) as a fungicide for preventing and controlling downy mildew 
on toba<*co seedlings are here reported. In planning these experiments use 
was made of the results of field studies, performed in 1938, and of laboratory 
studies (2) iierformed during the current season. Only a limited number 
of field experiments with this volatile crystalline product had been per¬ 
formed prior to the current year. The laboratory studies have dealt with 
such fundamental problems as rate of vaporization in relation to size of 
crystals and to temperature, with methods for analysis of paradichloroben- 
zene in l apor-air mixtures, with measurements of the vapor pressure of this 
compound (1, 2), and with determinations of the minimal concentration of 
vapor that is fungicidal to the downy mildew fungus, and that which is 
toxic to tobacco seedlings. As might be anticipated, previous experiences 
with benzol as a fungicide were found valuable in the present studies. 

The purpose of the present work was (A) to determine whetlier paradi- 
chlorobenzeue (for brevity, hereafter designated as PDB) constitutes a de- 

1 Cooperative investigations conducted by the Virginia Agricultural Experiment Sta- 
tiou and Duke University. 

2 Special thanks are due Mr. E. G. Moss, Tobacco Experiment Station, Oxford, N. C.> 
for his whole-hearted cooperation. 
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pendable fungicide against tobacco downy mildew, and (B) to evaluate the 
modificatory influence of certain mechanical and environmental factors as 
(a) PDB vapor concentration within seedbeds, (b) temperature, (c) mois¬ 
ture conditions, (d) distribution of crystals, (e) amount of fumigant, (f) 
tightness of seedbed frames and covers, (g) volume of seedbed, (h) size of 
crystals and (i) interval between successive applications. A knowledge of 
these interrelated factors should be of value in seedbed practices. Not all 
of them, however, have been isolated and evaluated, but a body of experi¬ 
mental evidence applying to the use of PDB has been secured that contrib¬ 
utes to an understanding of this problem. 

METHODS AND MATERIALS 

Three locations were selected in which to conduct these experiments, one 
near McDonald, North Carolina, representative of a poorly drained area of 
the lower Coastal Plain; another near Oxford, North Carolina, representa¬ 
tive of the upper Coastal Plain; and the third near Chatham, Virginia, rep¬ 
resentative of the Piedmont area. By taking advantage of seasonal differ¬ 
ences existing in these 3 localities, the duration of the i)eriod for making 
observations was extended over moi'c than 2 months. 

Weather conditions during 1939 were considered only moderately fa¬ 
vorable for the development of the disease in each of the selected hx^alities. 
Sporulation was first observed in the experimental seedbeds near McDonald 
on March 24, near Oxford on April 15, and near Chatham on April 28. 
'Within each locality the severity of downy mildew varied greatly, depend¬ 
ing upon soil-moisture conditions, air movement, and proximity to woods. 

The seedbeds were framed with boards and divided into convenient com¬ 
partments. Some of the beds were made by growers, and were either not 
framed or framed with logs. The covers were made to fit tightly, and, ex¬ 
cept in 2 series of tests involving the influence of covers of different textures, 
consisted of unbleached sheeting having 64 warp threads and 64 woof threads 
per inch, 3.5 sq. yd. of which were required to weigh one pound. 

A tet'hnical grade of PDB, 99,8 per cent pure, was iised.*^ The crystals 
of PDB were distributed either on shelves constructed of boards or on wire 
screens arranged along the sides near the top of the fraraiiig. Alternatively 
the crystals were broadcast over the top of the ordinary loose-texture seed¬ 
bed cover (Pig. 1, A). The denser heavier covers were^ of course, drawn 
over the ordinary cover after the crj^stals had been distributed. 

Applications were made between 6 and 7 oV*lock p. m., and the heavy 
covers were removed approximately 12 hours later. 

Sampling the atmosphere within the seedbeds to determine its PDB 
vapor content was accomplished by means of a specially constructed aspira¬ 
tor (Pig. 1, B). This necessitated the installation of copper tubes at selected 
positions so that the inlet was inside the bed and the aspirator could be 
attached to the outlet. Aspiration was effected by displacement of water. 

3 The sizes of the crystals employed were those designated hy the manufacturers, The 
Solvay Bales Corporation, as grades No. 1, 6, and 9. 
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Fig. 3. A. Method of broadcasting c^rystals of paradiohlorobenzeiie ou ordinary seed- 

bod cover. The heavy cover appears rolled back on bed in foreground. B. Aspirators 
used in sampling vapor air inixtnros in seedbeds. 

The vapor-ail* mixtures were partly dried by passage over NaOH flakes. 
The PDB was removed from the vapor-air mixture by freezing traps, as 
previously described (2). From the weight of PDB crystals in the traps, 
the volume-percentage coiiceutratiou of vapors in the atmosphere of the 
seedbeds was calculated (2). 

experimental results 

Prevention and Control of DowTiy Mildew in Seedbeds 

Tests of the effteacy of PDB were designed to determine whether this 
compound can be employed both to prevent and to control downy mildew 
in each of the 8 selected localities. Preventive applications "were begun 
prior to the appearance of disease in the experimental beds, while applica- 
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tioBS to control were be^un immediately after spornlation first became evi¬ 
dent. Forty-seven seedbeds, ranging in size from 4 to 200 sq. yd. and hav¬ 
ing a total area of 1720 sq. yd., were employed. The treatments were 
successful in 36 of these beds and failed in the remaining 11 beds. Treat¬ 
ments were regarded as successful if further sporangial formation was com¬ 
pletely inhibited or if sporangia formed on only 1 or 2 leaves throughout 
the entire period of treatment. The total area of successfully treated beds 
was 1612 sq. yd., and of unsuccessfully treated areas, 108 sq. yd. In the 
case of the successful treatments, PDB was applied every night in beds 
having a total area of 372 sq. yd.; and a total area of 1240 sq. yd. of seed¬ 
beds was treated at successive intervals greater than one night. Of the beds 
in wliich PDB failed to give satisfactory control 80 sq. yd. were treated 
every night and 28 sq. yd. were treated at successive intervals greater than 
one night. Consideration will be given subsequently to factors that de¬ 
termine whetlier treatments with PDB will successfully prevent or control 
downy mildew of tobacco or fail to do so. Suffice it to conclude that suc¬ 
cessful control was accomplished in each of 3 localities during a season when 
the disease was moderately severe, both by nightly application of PDB and 
by employing longer intervals between successive applications. 

MODIFYING I'ACTORS 

A proper understanding and interpretation of the results of experimen¬ 
tation with PDB as a fungicide against tobacco downy mildew necessitated 
that account be taken of the influence of several obvious factors. Primarily, 
these included the effect of the application of varying quantities of the chem¬ 
ical, and the effects of moisture and temperature conditions, in so far as 
they modify the evaporation of the crystals and the absorption of the fungi¬ 
cidal vapors. Consideration was given also to certain other factors that, 
although important, appear to be secondary. These include the mechanics 
for best distribution of crystals to insure the most efficient fungicidal action, 
variation in the frequency of a])pIications, and the influence of size of crys¬ 
tals and of porosity of covers. In pointing out the influence of any single 
factor, in the accounts that follow, detailed statements concerning all other 
factors are omitted in order to avoid repetition. Such factors were either 
identical or were kept as nearly constant as is possible in experimentation 
involving seedbeds. 

In a previous study (3) use was made of measurements of the volume- 
percentage concentrations of the benzol vapors present within the seedbed 
atmosphere throughout tlie night to evaluate certain factors go^^rning the 
effectiveness of benzol, applied to tobacco seedbeds, in controlling downy 
mildew. Measurements were, therefore, instituted in the present studies 
with PDB to aid in evaluating the factors that contribute to proper use of 
this fungicide. Since measurements of volume-percentage concentrations 
of PDB in vapor-air mixtures by means of freezing traps are both arduous 
and time consuming, only a limited number were made. 
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Influence of Varying Quantities of PDB 

In this series of experiments measurements were made of concentrations 
of PDB vapors in the atmosphere of three seedbeds that were similar in 
every other respect, except that the equivalent of 1, 2, and 3 pounds of 
fumigant respectively per 100 sq. yd. of seedbed area was distributed over 
the surface of the tobacco seedbed covers. The heavier covers were then 
placed over them. The night remained continuously warm and there was 
no appreciable formation of dew’. The essential conditions of this experi¬ 
ment and the results of the measurements are assembled in table 1. 


TABLK 1.— Influence of the application of varying quantifies of PDB on the con¬ 
centration of vapors in the air of seedbeds 


Amount of PDB 
applied per 

100 sfj. yd. 

Temper¬ 

ature 

Time elapsed 
after appli¬ 
cation 

Concentration of 1 

1 PDB vapors in | 
i atmosphere ] 

Moisture conditions 

Lh. 


Hr. 

1 I 

1 Fol, per cent j 


1 

10 

5 

: .0025 1 

Covers and foliage dry 

1 

15 

8 

1 .0009 1 

do 

1 

17 

11^ 

' .0018 i 

do 

o 

16 

5 

.0087 

do 

i> 

lo 

S 

.0018 i 

do 

o 

17 

lU 

.0014 i 

do 

;i 

j 16 

5 

1 .0046 

do 

o 

! 15 

8 

! .0025 

do 

3 

i 

114 

i .0016 , 

1 ! 

do 


These data show that as the quantity of crystals applied per unit area 
of seedbed increases, the volume-percentage concentration of the vapor in 
the atmosphere also increases. 


Influence of Moisture 

Comparative measurements of volume-percentage vapor concentrations 
of PDB in the atmosphere of seedbeds were made under identical conditions, 
except that tlie seedlings and the covers were sprinkled to keep them thor¬ 
oughly wet in one case; in the other, the foliage and covers remained 
rather dry. Representative contrasting measurements of the vai)or con¬ 
centrations found are shown in table 2. 

As was anticipated, markedly higher concentrations of vapors occur in 


TABLE 2,— Influence of inoistvre conditions upon concentration of vapors of PDB 
in the atmosphere of seedbeds 


Amount of PDB 
applied per 

100 sq. yd. 

Temper¬ 

ature 

Time-elapsed 
after apply¬ 
ing PDB 

Concentration of 
PDB vapors in 
atmosphere 

Moisture conditions 

Lb. 


Hr, 

Vol, per cent 


4.0 

14.4 i 

3.0 

.0094 

1 Foliage and covers dry 

4.0 

14.0 ’ 

5.5 

.0094 

1 Foliage and covers dry 

4.0 

14.4 

3.0 

,0170 

I Foliage and covers wet 

4.0 

14.0 

5.5 

.0170 

1 Foliage and covers wet 
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seedbeds when covers and foliage remain wet throughout the night. Evi¬ 
dently, the covers greatly retard loss of PDB vapors if they are wet, whereas 
they are mu(?h less effective in this respect if kept dry. This observation 
accords with previous findings relative to the influence of moisture on the 
covers in retarding the escape of benzol vapors (3). 

Influence of Temperature 

In data previously presented (2) the relationship between temperature 
and vapor pressure of PDB is clearly shown. From these data one w^ould 
anticipate finding that differences in volume-percentage concentration of 
vapors should be correlated with differences in temperature. Measurements 
of vapor concentrations involving 2 contrasting temperature conditions are 
shown by the 2 following eases. In the first instance the equivalent of 3 
pounds of crystals per 100 sq. yd. of seedbed area was applied in the day¬ 
time to the selected seedbed. The (*ry.stals were scattered upon the surface 
of the ordinary cloth, the heavy cover w’as drawn into position and w’etted. 
Two hours after fumigation was begun, the temperature within the seedbed 
being 30® C., the volume-percentage con(*entration of PDB vapors w’^as 
0.0114. In another bed similarly treated, but in wliich the temperature was 
19.5® C., the volume percentage concentration of PDB vapor w’as 0.0039, 
when measured 3 hours after fumigation w’as begun. 

The influence of temperature also w'as approximated by collecting and 
weighing the crystals that remained in the morning. On nights wdien tem¬ 
peratures were 7® C. or lower, tw’o-tliirds of the crystals remained ujivapor- 
ized in beds where the equivalent of 1.5 lb. of fumigant per 100 scp yd. was 
used. 

Insufficient vaporization occasioned by low’ tempei'ature may result in 
failure to control tobacco downy mildew, under the limitations imposed by 
application in seedbeds. Such a condition w’as encountered during the past 
season in a cold, rainy period extending from the late afternoon of May 1 
to raid-forenoon of May 4. The temperature dropped suddenly, beginning 
about 6 p. m. on May 1, at which time 4 lb. of PDB crystals were applied to 
a seedbed of 110 sq. yd. Within 3 hours the temperature had fallen to below 
50® P. and, thereafter, remained continuously between 50° P. and 40® P. 
for 36 hours. Limited evaporation of crystals occurred during the first 
night and the heavy cover was allow’ed to remain undisturbed throughout 
the following day, since it w’as continuously cold and rainy, ^porulation 
was abundant on the morning of both May 2 and 3. A portion of the crys¬ 
tals still remained unvaporized on the latter morning when (he bed was 
uncovered. The temperature during the day of May 3 rose to between 50® 
and 60® P., but the sky remained overcast. Another application of 4 lb. of 
PDB crystals was made during that afternoon. The temperature again 
fell to below 50® P. by 8:00 p. m., and gradually became colder throughout 
the night. Sporulation w’as again profuse on the morning of May 4, when 
it was found that an abundance of the PDB crystals still remained unvapor- 
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ized. Control in this instance was obtained by allowing the cover to remain 
undisturbed during the forenoon of May 4. The day was warm and sunny 
so the rise in temperature increased vaporization. 

Influence of Distance from Source of PDB 

PDB vapors are approximately 5 times heavier than air and, therefore, 
they coiild be expected to diffuse slowly throughout seedbeds, since the rate 
of diffusion of a vapor is inversely proportional to its density. The data in 
table 3 indicate the differences that can exist in distribution of PDB vapors 
as related to distance from source. 


TABLE 3.— Influence of tUsiance from aonrce of PDB upon conccniraiion of vapors 
iciihin the air of seedbeds 


Amount of PDB 

Tenipor- 

ature 

1 Tinie elapsed 

Concentration of 


100 sq. yd. 

after appH- 
cation 

PDB vapors in 
atmosphere 

Source of samples 

Lb. 

^C. \ 

Hr. ! 

Vol, per cent 


3.0 

13.0 j 

3 

.0055 

Sampled near source 

3.0 

10.4 ! 

0 

.0092 

do 

3.C 

10.0 1 

8 

: .0077 

do 

3.0 

10.0 ! 

10 

i .0081 

do 

3.0 

13.0 ! 

3 

i .0020 

Sampled at soil surface 

3.0 

10.1 1 

0 

1 .0031 

do 

3.0 

10.0 ' 

8 

! .0035 

do 

3.0 

10.0 

10 

.0034 

do 


The greater concentration of vapors may be noted to occur in the air 
near the crystals. Probably other factors, as absorption by moisture on the 
foliage and in the soil, were of more importance in determining the distri¬ 
bution of vapors within the bed than diffusion. 

Amount of Paradichlorobenzene 

Evi<lence from experience of the previous year had indicated that PDB, 
api)lied nightly at the rate of 1.5 lb. per treatment per seedbed area of 100 
sq. yd., is sufficient to be effective in Die control of tobacco dowmy mildew. 
In the jirescnt exjieriments the quantities applied were equivalent to 1, 1.5, 
2, 3. or 4 lb. niglitly. 

In certain series, fumigation w^as initiated before outbreak of downj' 
mildew; in others, treatments were applied only after infection was appar¬ 
ent. In any case satisfactory control resulted from the use of each of these 
quantities of PDB, under each set of conditions, when the fumigant was 
broadcast. Injury to the seedlings, manifest in yellowing of foliage and 
bleaching of tips of the older leaves, vras apparent in beds that received the 
larger amounts. Most pronounced injury occurred if the temperature at 
night ranged from 20° to 25° 0. In no eaae did injury to the host result 
from the use of 1 or 1.5 lb. per seedbed area of 100 sq. yd. 

Size of Paradichlorobenzene Crystals 

A study of comparative rates of evaporation of crystals of different sizes 
shows that the rate increased w ith decrease in size of crystals (1). Attempts 
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to take advantage of the slow rate of evaporation of large crystals (No. 1 
size) to maintain low vapor concentrations in the beds, both night and day, 
were unsuccessful. In subsequent experimentation only smaller crystals 
of sizes 6 and 9 were employed in order to obtain as complete and as rapid 
vaporization as possible during the time available for each treatment. Both 
of these sizes, under comparable conditions, gave satisfactory control. Crys¬ 
tals of size 6 are preferred, however, because those of size 9 tend to cake, 
when applied on shelves, and to sift through when applied on the top of 
seedbed covers. 

Distribution of Paradichlorobenzene 

As has previously been stated, 2 methods were employed to distribute 
the crystals of PDB. One method involved slielves, either of boards or of 
screen-wire, arranged inside the bed along 2 sides, along 1 side, along the 
center, or some other modification of this arrangement. The other method 
involved broadcasting the crystals over the top of the thin cover in order 
that the area of distribution might equal that of the seedbed. Although 
satisfactory control followed the use of each method, failures resulted in 
some cases when the crystals were scattered on shelves. These failures ap¬ 
peared to be related to placement, distribution, and area of the shelves; but 
data are insufficient to show what arrangemexit of shelves would be satis¬ 
factory under all conditions. The best procedure appears to be to scatter 
the crystals over the top of the ordinary seedbed cloth and then cover this 
over with the heavier cloth. 

Tightness of Seedbeds 

Type of seedbed cover is an important consideration when employing 
volatile materials in the control of downy mildew. It may be recalled that 
there was lack of accord among the results of experiments performed in 
1938, as to the type of seedbed cover required for successful fumigation with 
PDB. Accordingly, 1.5 lb. of crystals per application of 100 sq. yd. of seed¬ 
bed area were employed, using 5 types of cloth with specifications as follows: 
(A) warp 24, woof 28, 14 sq. yd. to weigJi 1 lb.; (B) warp 48, woof 48. 7 scp 
yd. to weigh 1 lb.; (C) warp 48, woof 48, 4 sq. yd. to weigh 1 lb.; (D) warp 
56, woof 60,4 sq. yd. to weigh 1 lb.; (E) warp 64, woof 64,3.5 sq. yd. to weigh 
1 lb. The first and second types of cover correspond closely in density of 
weave to open-mesh and close-mesh tobacco-seedbed covers of the kinds 
ordinarily employed on seedbeds. They were given a careful trial because 
of statements to the effect that control of downy mildew could be obtained 
from the use of PDB, even with the ordinary seedbed covers. No apparent 
qontrol resulted with the use of the first type of cloth in either of the two 
beds, the one treated every night, the other on alternate nights. Complete 
lack of control occurred on each bed, treated every night, when covered 
with the second type of cloth. Control was entirely satisfactory in each of 
the beds covered with the other 3 types of cloth. These results indicate that 
the covers must be sufficiently densely woven to become vapor-tight when 
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moistened, and that loosely woven covers possess little or no ability to retain 
vapors of PDB within the beds. 

Type of framing constitutes a second consideration in making seedbeds 
sufficiently tight for effective fumigation. Boards can be properly joined 
to insure tightness. It is more difficult to make the seedbeds tight if log 
frames are used, but such beds, 200 sq. yd. in area, have been successfully 
treated when the crystals were applied upon the thin cover and if the heavy 
cover drawn over the top is sufficiently large to permit the lap to be firmly 
secured close to the ground outside of the frame. 

Volume of the Seedbed 

Emphasis has hitherto been placed upon surface area of the seedbed in 
determining the quantity of fumigant to apply. Manifestly, total volume 
as affected by depth of the seedbed is also a factor that should be taken 
into consideration. Our experiments have not involved the comparison 
of beds with frames of different heights. The depth of the beds used has 
been quite uniform throughout, and since the heavy covers were normally 
fitted tightly over Ihe frames, the depth of the beds corresponded with the 
height of the frames. In certain cases however, the volume was decreased 
by allowing the heavy cover to sag down in the center of the bed. As a 
result of tliis decrease in volume the PDB vapor concentration within the bed 
was increased, as was anticipated. These observations suggest that fungi¬ 
cidal activity may be modified, if all other factors are constant, by elevating 
or lowering the heavy cover, and thus varying the volume of the seedbed. 

Interval betAveen Treatments 

The apparent eradi(*ant action of PDB suggested that fumigation might 
be effective if the interval between successive applications was longer than 1 
night. Accordingly, experiments involving seedbeds at Oxford and Chat¬ 
ham were planned and treatments were made on alternate nights, at inter¬ 
vals of 3 nights, and at intervals of 4 nights betw^een successive applications. 
The PDB was applied in amounts of 3.0 and 4.1 lb. per application per area 
of 100 sq. yd. Injury to the seedlings resulted from the use of the larger 
amount, wliereas satisfactory control without injury to the seedlings fol¬ 
io w^ed the use of 3 lb. applied on alternate nights or at successive intervals 
of 3 nights. Satisfactory control resulted from treatments made every 
fourth night in some of the trials, provided the covers were thoroughly 
w^etted. 

When it became apparent that PDB may act as an eradicaiit fungicide 
and may be used successfully to control downy mildew, either by nightly 
applications or according to a fixed schedule in ^vhich the interval between 
applications is longer, attempts w^ere made to test the effectiveness of appli¬ 
cations made at irregular times, as indicated by best judgment. Only in¬ 
fected seedbeds were used in these experiments. Sevex^al factors were taken 
into account in judging when to treat and in approximating the amount to 
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apply. The severity of the disease and weather conditions were of primary 
importance in judging when to apply PDB. Some of the treatments were 
made in the daytime to take advantage of the influence of increased tempera¬ 
ture on the rate of vaporization of the crystals. This factor, together with 
the volume of the seedbed, was taken into account in judging the quantity 
of fumigant to apply. In all cases the crystals were broadcast upon the 
thin covers just prior to fitting the heavier covers over the beds. A total 
of 1364 sq. yd. of seedbed was treated in this series of experiments, with the 
result that satisfactory control was accomplished in all. However, since 
the season was not an extremely severe one with respect to incidence of the 
disease, further experience with the above procedure involving applications 
at irregular intervals should be obtained before it is generally recommended 
as applicable to all conditions of downy-mildew incidence. 

GENERAL CONSIDERATIONS 

The concentration of PDB vaj)or in water that inhibits germination of 
sporangia of Peronospora tahacina (4) has been found to be of the same 
order of magnitude as that that is fungicidal, as determined by laboratory 
studies (2) using infected plants maintained in an atmosphere having a 
constant volume-percentage PDB vapor concentration. All of the measure¬ 
ments of volume-percentage vapor-concentration in the atmosphere of seed¬ 
beds, hoM^ever, as shown in tables 1, 2, and 3 yield a lower figure. The 
explanation.,of this apparent discrejiancy lies in differences in conditions 
existing between laboratory and seedbed experiments. In the laboratory, 
infected seedlings were maintained at a constant temperature and a con¬ 
stant concentration of vapors for periods of 12 hours, so that a condition 
w^as reached wherein the PDB content of the air was in approximate equilib¬ 
rium with that of the plant tissues. Such an equilibrium condition is. no 
doubt, never approximated in seedbeds. The vapors of PDB, however, 
appear to be extensively absorbed by the plants, the soil, and the Avet covers; 
the soil, in particular, serves as a reservoir for storage of dissolved PDB. 
The fumigant reevaporates from the soil Avhen the atmosphere in the bed 
loses its vapor content through leakage or otherwise. 

The persistence of the odor of PDB in the atmosphere of seedbeds until 
late in the morning after the covers are removed may be regarded as evidence 
of absorption and reevaporation of PDB A^apors by the soil and the seed¬ 
lings. 

The low vapor pressure of PDB at the lower temperatures aijd its rela¬ 
tive insolubility indicate that this fumigant might not be equally effective 
in all seasons against tobacco downy mildew in seedbeds. While the results 
of our laboratory experiments (2) show that the pathogen yields to control 
if two or three applications of 12 hours each are made on successiA^e nights 
with concentrations of PDB corresponding with saturation at 0° C., it is 
difficult if not impossible to approach such saturation concentrations at the 
same temperatures in the seedbeds. In case extended periods prevail during 
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which the temperatures remain below 7® C., the use of PDB might not 
control, as has previously been pointed out in this report in experiments 
involving the influence of temperature. 

Manifestly, the employment of any measures during cold weather, which 
would increase the vaporization of PDB and would minimize the loss of 
vapors from the bed, would make it more nearly possible to approach con¬ 
centrations that are effective. In cold weather the use of larger quantities 
of properly distributed PDB crystals would increase the area of the crystal 
surface whence vaporization could take place, and, therefore, would tend 
to build up higher vapor concentrations within the bed. Of course, much 
of this larger amount of crystals would be found, in the morning, to have 
remained unvaporized. 

Even though the periods of cold weather lasted 3 or 4 days, it might still 
be possible to control tobacco downy mildew by the use of PDB. This could 
be accomplished (a) provided the pathogen had been eradicated 'within the 
beds prior to the advent of the period of cold weather, or if, by fumigation, 
the seedlings had been completely protected against infection before the cold 
Aveather began, and (b) provided the duration of the cold period was less 
than the length of the sporangial cycle, Le,, 5 to 7 days. Control might also 
be acconqdished by allowing the heavy covers to remain in place in the 
morning until the seedbeds have been warmed by the sun to the point where 
fungicidal concentrations of PDB vapors had been built up. The length 
of time that covers may be permitted to remain on the beds in the morning 
must be carefully limited, because experience has shown that concentrations 
toxic to the seedlings may develop if the covers are not removed after 2 or 3 
hours of sunshine. 

In spite of these limitations imposed by cold weather, the results of the 
})ust 2 seasons have abundantly shown that, under ordinary weather condi¬ 
tions, PDB can be applied as an effective control of tobacco downy mildcAV. 
The application of the result.s of these field studies to seedbed practices indi¬ 
cates that the successful use of PDB as a fumigant requires an appreciation 
of the interdependence especially (a) of temperature conditions, (b) of tight¬ 
ness of seedbeds as affected by construction of frames and by moisture on the 
covers, (c) of quantity of the fumigant applied per unit area of seedbed, 
and (d) of proper distribution of the crystals to be vaporized. 

summary 

Paradichlorobenzene has given satisfactory control of downy mildew 
of tobacco in seedbeds, either when applied on successive nights or over 
longer intervals betAveen successive applications. 

This volatile compound may be regarded as an effective f ungicide against 
tobacco downy mildew when employed under the folIoA\dng conditions: (A) 
The proper amount of paradichlorobenzene is from J.5 to 3 lb. per applica¬ 
tion per seedbed area of 100 sq. yd. (B) The crystals should be distributed 
widely on the top of the loose-texture cloth ordinarily used for Beedbed 
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covers. Sheeting of approximately 60 threads each way per inch should 
be used as a covering during fumigation. (C) Under seedbed conditions 
temperatures above 7® C. are necessary for vaporization to proceed suf¬ 
ficiently to maintain effective vapor concentrations. (D) Moisture on the 
covers is desirable as an aid in retaining effective concentrations of vapor 
within seedbeds. 

Duke University, Durham, North Carolina. 
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NEW STAGES OF SPOROCYBE AZALEAE 
W. H. P a v I s 

(Accepted for publication Jan. 30, 1940) 

Sporocyhe azaleae (Peek) Sacc. causes a bud and twig blight of azaleas 
and rhododendrons. This fungus is imperfectly known but is generally 
recognized by coremia that appear on the infected flower buds, the leaf and 
stem buds, leaf scars, old stems, floral parts, and on the fruits.^ 

Peck,2 in 1873, named this fungus Periconia azalrac, but Saceardo/^ in 
1886, transferred the genus to Sporocyhe^ since then it has been known as 
8, azaleae. This Latin binomial refers to the “spore-heads’^ of the fungus 
heretofore described. Relying on this description, mycologists have placed 
the fungus in the taxonomic keys adjacent to Graphmm ulmi Sclnv., cause 
of the Dutch elm disease. 

The separation of these 2 genera is based on color of the coremia and 
spores. Those with light-colored coremiospores are Orapkinm; those with 
dark-colored ones are Sporocyhe, 

Oraphium ulmi has 3 spore stages or forms listed; a coreiuial stage 
assigned to Oraphium; a conidial stage assigned to Cephalosporium and an 
ascogenous stage assigned to Ccralostomella, Sporocyhe azale(te, however, 
has only the coremial stage listed. Since these 2 fungi are taxonomically 
Isolated, one might expect them to possess similar stages in their life histories. 

1 Pe»eriptiQii of the disease, pathological anatomy, methods of culturing the fungus, 
together with inoculations of hosts, have been described in Phytopath. 29: 517-529. 1939. 

«Peek, 0* H. Periconia azaleae. New York State Museum of Natural History 
Ann. Bpt. 25; 93. 1873. 

aSaccardo, P. A. Sylloge Fungorum 4: 608, 1886; 10: 692-693, 1892; 11: 643-644, 
1895; 12; 744, 1897; 20; 861, 1911. 
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An investigation was undertaken in 1930 to test tins supposition by cultur¬ 
ing the fungus. 

Monosporous cultures were prepared by isolating coremiospores (Plate 
I, I) removed from azalea buds and germinated in van Tieghem cells. From 
these cultures mycelium was implanted on potato-dextrose agar and 
incubated at 22° C. 

HYPHAE, MYCELIUM, AND SCLEROTIA 

Young hyphae at the margin of a maturing colony, incubated on i^otato- 
dextrose agar for 1 week, appeared either gray or nearly hyaline (Fig. 1, 
F and Plate I, A). The average weekly growth of 6 of these cultures in¬ 
cubated at 22° C. was 4 mm. radially and 2.7 mm. vertically. However, 
when maturing, they changed from gray to either a citrate drab or to a 
deep gray-olive, but sponilating hyphae were often a snuff-brown. The 
cells in vegetative hyi^hae growing on artificial media averaged 4x 8 jj, but, 
when growing in host tissues, 3 x 5 g. In a sclerotium some of tlie cells 
were rectangular, 1.7 x 3 |j, while others emerging were much larger in 
diameter. One such hypha was 6 p in diameter and consisted of cells 54, 
72, 18 and 58 ^ in length. Cells in sporulating hyphae that formed 
conidiophores averaged 1.8-2.7 x 4-29 g (Pig. 1, D). 

The cell walls of old hyphae located at the center of mature cultures 
were either a snuff-brown or a warm-sepia. When located in the substra¬ 
tum and viewed by direct light, they were brownish but, by reflected light, 
a blue purple undercolor which gave the culture a distinguishing 
characteristic. 

Old hyphae often are constricted at their cross walls; the branching is 
sparse and forms angles of 80° to 90° (Pig. 1. P; Plate I, H). In cultures 
the first branching was noted after an incubation of 72 hours, when the 
germ tubes averaged 300 p in length, 

Hyphae sometimes entered host cells and formed ‘‘skeins’^ and “knots’^ 
which are here considered haustoria. In no case vrere woody vessels 
observed to be plugged by these hyphal knots. 

On water agar, the hyphae that gave rise to conidiophores remained a 
light-gray and sparsely septate. They quickly permeated the agar, leaving 
behind only a sparse surface growth to form cephalospores. On nutrient 
agar, however, the hyphae were dark-gray or brown, slower to penetrate the 
substratum, their cells larger, and they formed a definite mycelial mat or 
subicle, with an abundance of spores. Thus it is to be noted that the 
nature of the substratum or agar varied the size, shape, color, and amount 
of hyphae. 

Sometimes cultures formed pionnotes, especially when produced through 
transfer from old cultures that had been incubated for 6 months. This 
type of culture sometimes ‘‘reverted color*’ to a pale cartridge-buff; but, 
at maturity, changed to a pale pinkish-orange due to the separation of 
numerous conidia broken from the sporogtoous heads. These eonidia 
budded copiously, giving the appearance of a bacterial contamination. 
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PLATE Photographs of cultures, fruiting bodies, spores and hyphae of Sporocyhe 
aHmUae. 

A. Two immature, monosporous cultures transferred to potato-dextrose agar on 
Pebmary 14^ incubated at 22° C. and photographed the following March 10. Bark con* 
eentric areas locate the ponicillold fonn of sporulation. 
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Transfers from pink cultures, incubated at 28^ C., produced a moist, strict 
growth with pionnotid and penicilloid forms of Sporocybe. 

Pour nonsporulating albino’* strains of this fungus were isolated but 
were not employed in the experimentation. They, hcwever, were trans¬ 
ferred and retained in culture for 2 years without sporulation. They are 
considered as a spermogonial form. 

Sclerotia were formed on the surface by hyphae emerging from substrata 
such as agar, azalea buds, stems, leaf petioles, and floral parts (Pig. 1, M 
and Plate I, E). In the presence of sufficient sunlight and air, they gener¬ 
ally formed on the surface of the receptacle, uncovered and covered by the 
agar, but they may form also on other materials adjacent to nutrients and 
ill host tissues. Small sclerotia formed in one culture prepared by spread¬ 
ing coremiospores on cherrjMlextrose agar and incubating in van Tieghem 
cells. After 48 hours, the germ tubes had branched and intertwined, form¬ 
ing sclerotia (stromata) averaging 35 p in diameter and 1.8 to 10 p thick. 
They first appeared in cultures as gray flecks with minute white centers, 
but later became black and jiapillate, and measured 18 to 65 p in diameter. 
Some of the papillate sclerotia formed matured coremia. Fully matured 
sclerotia in and on host tissues differed in size, sliaj)e, and structure. On 
old bud scales, they averaged 84 p in height and 109 p in width. 

A large tyxiical sclerotium was composed of layers: epidermal and 
eortic^al, and a central core containing most of the viable cells distinguish¬ 
able by vital staining. The core was generally the source of the coremial 
stipe (Fig. 1, 0). 

After overwintered sclerotia had been incubated for 24 hours in a suita¬ 
ble environment, sturdy hyjdiae emerged through their apices and formed 
mycelial colonies about 0.5 mm. in diameter. Tests .showed that sclerotia 
remained viable on azalea buds for 2 years and generally produced but 1 
coreinium annually; however, two eoremia have been observed on a single 

B. False spore * ‘ heads of the cephalosporic stage, cultured on potato-dextrose 
agar; 10-20 in diameter; strain 1>: set July 4 and photographed July 28. 1. Indi¬ 
vidual spores showing in a ‘‘head.2. “Bliine^' conceals individual spores, which 
formed in most of the * ‘ heads. ’ ^ 

(‘, A partially dissected eoremium showing a synema (stalh) composed of parallel 
hyphae; a caput (head) of coremiospores; a sclerotium (subiculura) supporting the 
stipe and the attached hud scale; see also G. 

I). Conidiophores of the penicilloid stage bearing chain conidia; a stage following 
the formation of cephalospores; a culture prepared July 27 and - photographed on 
August 9. A region located in one of the dark concentric rings shown in A, 1. Ooni- 
diophore of the penicilloid type bearing conidia in chains, 2. Cells in a vegetative hypha, 

E. Coremia and sclerotia on 1933 bud scale tissues of A azalea n'mi flora; photo¬ 
graphed September 6, 1934. Mounted in lactophenol-greon. 

F. Chlamydospores cultured on potato-dextrose agar in a van Tieghem cell; incu¬ 
bated from April 15 to June 17; average diameter 7.2 >i. 1. Vertical spore chain. The 
positive was partially bleached and traced with ink. 2. Chlamydospores as photo¬ 
graphed. 

G. Portion of a synema (stalk) of a coremium showing its parallel conidiophores 
(hyphae) and terminal conidia in chains. 

H. Vegetative hyphae in an azalea stem; tangential, free-hand section just below 
an infected bud; stained and mounted in iactopheiiol-green. 1. Tyloses in cells of the 
medullary ray, 2-3. Hyphae are both inter- and intracellular. 

I. Photomicrograph of coremiospores mounted in lactophenol-green July 29; aver¬ 
age diameter of spores 5.4 p. 
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Fig. 1. Tracings of camera-lucida drawings showing the eephalosporic, penicilloid, 
sclerotial, and coremial stages of Sporocybe azaleae, A. A conidiophore with its ter¬ 
minal cell abstricted thereby forming the first conidium of a false head^^ or caput, 
B. Abstricted conidia forming a caput. C. A matured caput with conidia in a ‘^drop¬ 
let'' or false head; conidia 2-4 x 3-5 p. B. Arrangement of conidiophores on a sporulat- 
ing hypha cultured on cherry agar; conidiophores 63 and 44 p, long. JS. Conidia in two 
^‘false headsseparating after drying for 4 months. F. Two hyphae showing the sizes 
of cells and method of branching after they had been incubated for 56 hours on cherry 
agar in a van Ticghem cell At the left, a young actively growing hyaline hypha near 
the margin of the culture ^ branches projected at an angle of 30®. At the right, a 
matured hypha; cells with dark walls and shorter in length; 40, 72, 10, 55, 50, 50, and 
50 p, respectively; cells in A averaged 3 times this length. G, 11, 1. Arrangement of 
conidiophores on sporulating hyphae. Few conidiophores branched as 1, a; basal por¬ 
tion 16 p bearing branches or forks 32 p long. Whorls are often formed and here conid¬ 
iophores are more numerous fis I, b. Air currents raised part of 8 above the agar. J. 
A dendritic or penicilloid conidiophore formed in culture after incubated for 30 days on 
potato-dextrose agar; 66p tall; conidiophores and conidia were a smoky color when 
matured but nearly hyaline when first formed and averaging 5 p in diameter. K. Ar¬ 
rangement of dendritic conidiophores on a sporulating hypha. Distances between the 
first two conidiophores at the left, 100 p; others averaged 67 p apart. L. Conidia of the 
penicilloid form germinating after incubating for 12 to 48 hours. M-Q. Stages in the 
formation of a coremium from a sclerotium, during April. M. Overwintering sclerotium 
on a bud scale, N-0. Emergence of coremial hyphae. P. The caput, forming from the 
hyaline hyphal tips, while the basal portions are dark colored. Q. A matured coremium 
with the sclerotium; synema, stalk or stipe; caput, with coremiospores borne both singly 
and in chains, but moaily in chains. Partially diagrammatical. B. Benewed growth in an 
old sclerotium which had borne one coremium. S-T. Coremiospores germinating in water 
after incubating for 12 hours. B. Germ tube emerging from a coremiospore; exosporium 
surrounded by a slime capsule. T, Coremiospore incubated for 24 hours; slime capsule 
dissolved. 
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sclerotiiim. Thus, the scilerotia are reproductive bodies, which tide the 
fungus through adverse conditions and form either coremia or mycelium. 
Although these structures are considered stromata by some, the writer 
prefers to designate them as sclerotia (Pig. 1, M-P). 

THE CEPHALOSPORIC STAGE 

Cephalospores were observed on sclerotia, coremia, between bud scales, 
on infected azalea buds, rotting bark, old infected stems, decomposed floral 
parts, nutrient solutions and media. Cephalospores formed in ‘^false 
heads’’ Avhen coremiospores were incubated on water agar for various 
periods. In some of these cultures, hyphae from germinating coremiospores 
came in contact with each other, intertwined, and formed a spiral from which 
phialides (eonidiophores) grew singly and vertically. These phialides were 
neither delimited by cross walls within themselves nor by partitions at 
their junction with the “parent hyphae”; old ones, however, sometimes bore 
cross Avails. They were often larger in diameter at the base than at the 
apex and of varying lengths (Fig. 1, A-I, and Plate I, B). 

PENICILLOID STAGE 

Penicilloid eonidiophores formed on the nutrient agar (Pig. 1, J-K, and 
Plate I, D) of each eephalosporic culture that had been incubated for one 
to three Aveeks or had been exposed to desiccation. This stage was observed 
also in each monocoremiosj)ore culture on diseased floral parts, buds, twigs, 
and fruits. Its incidence in hundreds of monocoremiospore cultures gave 
evidence that it Avas a conidial form following the eephalosporic stage. 
Germinated conidia produced forms identical with those produced by 
corimiiospores. 

The eonidiophores were formed singly, were dark-brown, and grew 
vertically from a parent, sporulating, prostrate hypha. They bore an un¬ 
branched base or trunk Avith a spreading, dendritic caput composed of 
sporogeiious branches with the spores attached end to end. Drying conidia 
changed from a light-brown to sepia, abstrieted readily and germinated in 
tap Avater. 

It is to be noted that each eonidiophore with its branches appears to be 
an independent sporiferous element of a coremium. It originates from a 
sporulating hypha rather than from a sclerotiuin and develops singly rather 
than in a group or synema. These conidia remained intact for a longer 
period than those in a compact head. Since the eonidiophore with its 
conidia has a slight resemblance to Penicillium, it may be knoAAm as a 
penicilloid stage or form of Sporocyie azaleae, 

THE COREMUn STAGE 

Most of the coremia formed on the scales of flower buds but they were 
also observed on leaf buds, twigs, leaf scars, petioles, flower pedicels, floral 
parts, capsules, and excised host parts lying on soil. Coremia also de* 
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veloped on most of the media employed for culturing the fungus, but 
sterilized, wet filter paper in Petri dishes was the substratum most com¬ 
monly employed. By using inoculum from a monosporous strain, C-IS, 
coremia formed after incubating the agar cultures at room temperatures for 
2 to 6 months. Potato dextrose agar, steamed azalea buds, twigs and leaf 
petioles were favorable substrata but malt and prunes were unsuitable on 
account of their rich sugar content. 

Most of the coremia developed from the centers of small sclerotial bodies 
or subicula (Fig. 1, M-Q, and Plate I, C and E). In bud scales, they 
averaged 109 p wide and 84 p in thickness. From the center of each 
sclerotium, a stipe or synema appeared first as a conical papilla of light- 
gray hyphae emerging at right angles to the surface of the sclerotium 
(Fig. 1, 0). Hyphae at the center of the stipe grew more rapidly than 
those at the periphery where sporulating hyphae became free. Finally, a 
head or caput was formed at the apex of the parallel hyphae of which the 
stipe is composed. The stipe changed from a light-gray to brown while the 
immature caput remained gray but when both were fully matured, they 
were a dark-brown or appeared black to the unaided eye. The tips of these 
hyphae consisted of oonidia or coiiidiophores, mostly borne in (duiius but 
sometimes single. Dissection showed these conidiophores may branch 
similarly to the penicilloid form. The weight and flexibility of the conidal 
chains caused hyphal tips in the s,TOema to droop so as to form the ca]>ut 
(Fig. 1, P). 

The cultures of Sporocyhc azaleac were especially interesting, since the 
fungus grew slowly over the surface of the agar or about 4 mm. daily, 
changed from a light-gray to a dark-olive color and bore rings of sporulation 
induced by alternate periods of light and darkness. They produced several 
forms of fruiting bodies that bore spores of the penicilloid form, the hyphae 
penetrated the agar and, by reflected light, the mycelium was dark purple. 

THE ASCOGENOUS STAGE 

Coremia on infected azalea buds were collected from New Hampshire, 
New York, Massachusetts, Connecticut, New Jersey, and Virginia. From 
each of these collections, monosporous cultures were incubated on azalea 
buds, stems, agars, and many other substrata but did not form pgrithecia. 
However, when azalea stems were properly inoculated with two or more 
strains determined by trial, perithecia formed. From 50 trials^ 4 strains 
were isolated, which, when crossed, produced immature perithecia. Peri¬ 
thecia also were observed on old infected buds that had been incubated 6 
months in Coplin breeding jars. 

These strains were mated in Petri-dish cultures and stored in damp 
chambers, but subsequently destroyed by forces uncontrolled by the investi¬ 
gator. The few ascospores, however, that had been obtained by preliminary 
mating tests were employed in experimentation. The ascospores failed to 
germinate immediately, but seemed to need an after-ripening period of 
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several months. Tests of 4 cultures produced a few germinating aseospores 
that were implanted on potato-dextrose agar. Each of these cultures pro¬ 
duced typical cephalospores and penicilloid stages of this fungus. Further 
investigation, however, is needed to obtain sufficient data. 

Measurements in microns of 8 perithecia averaged as follows: Beaks, 
width 67; length 902.4. Body height 394.8; width 310.8. Spores, 1.8-3.6 x 
3.6-9. One perithecium with a broken beak bore a few mature spores; all 
other perithecia were far less mature. It is to be noted that the length of 
the beaks was more than twice the height of the body. This morphological 
character is similar to that of Ceratoxtomella nlmi, w'hich, as previously 
stated, is closely allied to Sporocyhe azaleae. 

Another attempt is being made to determine strains and produce the 
aseogenous stage, which, in turn, will produce the conidial forms. Further¬ 
more, the que.stion of ascospore germination must also be solved. 

PIAONOSIS 

(Vplialosporio form of Sporocybe azaleae: Tho ceplialospores formed on upright 
conidiophores, or phiulidoB. 

Phialides: Arising singly and vertically from young, horizontal, prostrate hyphae; 
hyaline to gray; seldom branched but formed singly; lengths, 12 to 30ji, averagi? diam¬ 
eter at the base 2,5; at the apex 1.7 jbt. Function: formation of conidia. 

('cphaloHporcft: Formed singly as conidia at the apex of phialides only, ellipsoidal 
and hyaline when forming but oblong-angular and a tint of brown or gray when mature 
and dry. Hizes: limits of variation, 2.jf4,2 x 5.1-9 p. Btandard, 3.5 x 5.5 p (100 fresh 
spores measured in culture). Function: dissemination and reproduction. 

Caput: A false head’' at the ape.\ of the phialide, averaging 20 p in diameter and 
formed by the conidia cohering when abstricted but separating ultimately. Assigned 
to Ccplialosporiiii}) sp. 

Penicilloid form of Sporocybe azaleae: Observed in cultures following cephalospores 
and on decaying infectc'd azalea buds, flowers, and branches. 

Covidiophoreft: Arising vertically from a horizontal 8]>orulating hypha, average spac¬ 
ing 76 p a])art, dendritic, base or unbranched trunk, 8 to 15 cells, averaging 60 p in 
height, and 3-6 p in diameter. 

Caput: Oompused of 2 to 12 8i»readiiig, dichotomous branches or eonidiophores each 
supporting a chain of conidia at the tip. 

CoiiuUa: Unicellular, eatenulate or formed in chains of 6 to 10 individuals compos- 
in 45 p of the tips on each branch of the dendritic conidiophore. Dried conidia are 
unicellular, ovate to globose; often slightly apiculate, brown; sizes 1,5-5x 2.8-9 p. Whem 
matured on agar, 70 per cent were nearly globose and averaged 5 p in diameter. When 
germinated in water on nutrient agar, they form typical Hporoeybe cultures. 

Coremial Stape of Sporocybe azaleae: Coremia found mostly on the terminal flower 
buds of azaleas, infected the previous season, or that have remained attached to the host 
one or more years. 

Synema or Stipe: It origintes from a sclerotium averaging 109x84p when in the 
bud scales. At first, gray, but sepia when mature; 50.4 p in diameter and 480 p in 
height (average of 10 matured synemac); seldom, if ever, branched; consisting of coher¬ 
ing parallel hyphae or eonidiophores. 

Caput: Composed of the sporulating free ends of hyphae from the s^mema; hyphae 
fail to cohere on account of the spores but bend at their apices; height 106 p; expanded 
width 188 p (average of 10 specimens). At first, gray, then sepia. 

Coremiosporea: Formed in chains, 1 to 9 at the tips of eonidiophores in the caput; 
when dried, the chains are broken so as to form individual spores; seldom, 2-celled; 
globose-ovate, ellipsoidal and oblong; color varies from gray, when formed, to dark- 
brown or sepia when mature; sizes, limits of variation 3-10 x 3-17 p; standard, 5.4x 7.2; 
deviation 0,638+ (100 fresh spores collected from coremia on assiea buds in the open, 
May 1935). These spores decreased about 20 per cent in size upon drying; may increase 
300 per cent in diameter while incubating during germination; viability, one year. 
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SUMMARY 

Mycologists have described previously only the coreniial stage of Bporo- 
cyhe azaUae, but have placed this fungus in keys adjacent to Graphiunt 
ulmi, which has eephalosporic, coremial, and ascogenous stages. This in¬ 
vestigation was undertaken to determine whether Sporocybe azaleae like¬ 
wise possesses these stages in its life cycle. 

Measurements of the hyphae and sclerotia, together with descriptions, 
are recorded and cultures of the fungus briefly described. 

The fungus possesses the following stages: mycelial, chlamydosporic, 
eephalosporic, penicilloid, coremial, and probably ascogenous. Albino 
strains and pionnotes also were observed in cultures. 

Cephalospores formed in cultures obtained by incubating coremiospores 
on various substrata. 

A dendritic or penicilloid form of sporophore developed on nutrient 
agar cultures directl 3 ’' following the cephalospores. Conidia that formed 
on the tips of these dendritic sporophores were similar to those formed on 
coremia. 

Coremia developed from sclerotia that had formed in the flower-bud 
scales of azaleas. After overwintering, the sclerotia germinated, forming 
coremia. Morphologically, a coremium comprises an aggregate of penicil¬ 
loid conidiophores bearing conidia similar in genetic content, size, shape, 
and color to those of the penicilloid form. 

Perithecia were obtained by mating certain strains found among isolates 
from various localities. The ascospores appeared to require an after¬ 
ripening period, the length of which was not determined because the cul¬ 
tures were wantonly destroj^ed. The perithecia obtained in culture bore 
long beaks similar to those of Ceratostomella ulmi and measurements are 
recorded in the text. The evidence thus far obtained was insufficient to 
establish beyond doubt that this is the perfect stage of S, azaleae, so the 
work is being repeated. 

From the above, it is to be noted that 8, azaleae has eephalosporic, 
coremial, and ascogenous stages similar to those of Ceratostomella ulmi 
However, its cephalospores, coremiospores, chlamydospores and ascospores 
were dark colored when mature. In addition, 8. azaleae possesses sclerotia, 
chlamydospores, and a penicilloid form. 

Massachusetts State College, 

Amherst, Massachusetts. 
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INTRODUCTION 

The investigations herein described concern variations of Fusarium 
vasinfcciuM Atk. as to cultural characteristics and pathogenicity to cotton. 
A possible explanation also is given of the phenomenon that a variety of 
cotton may show greater resistance to the Fusarium wilt organism in some 
localities than in others. 

Isolations of the fungus have been made over a period of years from 
hundreds of diseased plants collected at various localities in South Carolina. 
A limited number of these isolates were used for experimentation. Selec¬ 
tions were made on the basis of differences in cultural characteristics, as 
well as length of time the isolates had been retained in culture. 

VARIATION IN CULTURAL CHARACTERISTICS 

Materials and Methods 

Thirteen monosporial cultures of Ftisarivm vasinfectnm were used. 
Three of tliem 'were derived fi*om fresh isolations from cotton plants that 
had wilted in the field in 1937. The remainder were cultures originally 
isolated in 1931 to 1936, but recovered in 1937 from cotton plants infected 
in the pathogenicity experiments (described later in this paper). Eight 
to ten luouocouidial cultures had been made from each of these isolates. 
These monosporial cultures showed the same characteristics as the respec¬ 
tive mother cultures and only one of each was selected. 

The technique employed was essentially that used by Ullstrupl All 
cultures were grown on nonacidified potato-dextrose agar and kept at 28° C. 
Subcultures were made by successive transfers of masses of inoculum from 
one agar slant to the next, at first weekly, and later bi-weekly until 17 such 
transfers were made. At each transfer, spore suspensions were prepared 
and 3 to 6 single spores from each culture were transferred to Petri dishes 
with potato-dextrose agar. By observing these single-spore isolates, variants 
could be distinguished as tliey appeared. 

Results 

Figure 1, A, showrs the appearance of 13 isolates at the beginning of the 
experiment; figure 1, B, the appearance of these isolates after 17 transfers, 

1 Technical Contribution No. 71 from the South Carolina Agricultural Experiment 
Station. 

2 Agent, Division of Cotton and Other Fiber Crops and Diseases; formerly Assistant 
Pathologist, South Carolina Agricultural Experiment Station. 

3 ITllstrup, A, J. Studies on the variability of pathogenicity and cultural characters 
of Gibherella aauhineiiL Jour. Agr. Bes. ftJ. S.] 61: 145-162. 1935. 
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Pia. 1. Variation in the cultural characteristics of Fvnarium vasinfectum. A. 
Thirteen different isolates. B. Variants that arose within 17 transfers from isolates rep¬ 
resented in A. (Cultures are arranged in the same order in A and S.) 


arranged in the same order as in figure 1, A. Eleven of the 13 isolates 
showed variation in cultural characteristics. 

Variations were chiefly in 2 directions; namely, decrease in abundance 
of aerial myceliinn and decrea.se in the rate of radial growth. No changes 
occurred in the opposite direction. However, because of the decreased rate 
of radial growtji, some variants appeared to have had denser aerial mycelium 
than the parent culture. 

The occurrence of variation among the respective isolates was irregular, 
some iTOlates giving rise to variants at the second transfer but others 
iremaining constant until the 16th.or 17th transfer. 
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Variants generally remained constant in cultural characteristics, but 
some of them developed secondary variants. Variants bad a tendency to 
dominate the original, even to apparent exclusion of the latter. 

An additional experiment was run in which continuous monosporous 
transfers were made from a single original isolate. The variants appearing 
in this experiment differed from the original mainly in the rate of growth. 

variation in pathogenicity 
Materials and Methods 

In 1937, ten monosporial isolates of Fiimrmm vasinfecium were used to 
infest soil in which the cotton varieties Farm Relief 2^ SCmiwilt, and Super 
Seven were grown. In 1938, 1 recent isolate and 4 cultural variants were 
added and all were used with the varieties Farm Relief 2 and Dixie 
Triumph 32. Soil, from a field where cotton had not been grown for at 
least 5 years, was heavily infested with cultures of the pathogen grown on 
an oat-wheat mixture.^ Five 2-gaL pots were used for each isolate and 
cotton-variety combination. Twenty-five seeds were planted in each pot. 
A month later, the young plants were thinned to 5 per pot. As soon as a 
l)Iant exhibited pronounced wilt symptoms, it was removed, examined for 
internal symptoms, and then a i>ortion of the stem, from just above the 
ground line, plated on acid iiotato-dextrose agar. At the conclusion of 
the experiment, all remaining plants were removed and treated similarly. 

Results 

Data were obtained from 20 to 40 plants per isolate, the average number 
being 25. The following considerations are concerned primarily with the 
expression of external symjitoms on the susceptible Farm Relief 2 (Fig. 2). 

Isolates that had been long Icejit in culture were less pathogenic than 
those of recent origin. Isolates 1 and 2 were obtained in 1931, 3 and 10 in 
1932, and the remainder in 1936 and 1937. 

Four cultural variants were added in 1938. (These are indicated by 
letters following the number given to the parent isolate.) Variants 5 Z 
and 5 A were markedly less pathogeui(j than the parent. On the other 
hand, variant 12 A and 8 A deviated to a lesser extent from their respective 
parents. 

The relative degree of pathogenicity of the various isolates remained of 
the same general order in the two successive years. The fungus vras re¬ 
isolated from diseased plants in the experiments in 1937 and monosporial 
isolates wei^e made. Tliese isolates were used in the experiments of 1938, 
excepting No. 12, which was a new isolate. 

The single passage of the pathogen through the host plant in 1937 did 
not significantly modify its relative pathogenicity as expressed in 1938. No 

< Oat'Wheat mixture; 1 buskel of oats and ^ bushel of wheat ^^i^ere ground together. 
To this was added 4 bushel of onground oats and the whole moistened to a crumbly con¬ 
sistency. Transfers of the respective isolates were made to one-quart flasks half "filled 
Muth the mixture. The cultures were allowed to grow for 10 days. Inoculum and fik>il 
were mixed in the proportions of 1 to 40 by volume. 
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correlation could be made between the locality from which an isolate origi¬ 
nated and its degree of pathogenicity. Isolates 6 and 7 originated from 
Clemson, in the upper northwest portion of South Carolina; the remainder 
originated,from the lower coastal-plain region of the State. 

Positive identity of all slight internal symptoms left correlations be¬ 
tween pathogenicity and the presence of internal symptoms open to some 
question. The same held true on the basis of reisolation of the fungus. 
One could not be certain in all instances that failure to recover the fungus 
by plating a portion of the stem could be attributed to complete absence 



Fig. 2. Belative pathogenicity of different isolates of Fusarium vaninfecUim to the 
cotton variety Farm Belief No. 2, expressed on a percentage basis. A. Besults obtained 
in experiments of 1937. B. Besults from parallel experiments in 1038 vrith one recent 
isolate (12) and three cultural variants (numbers followed by letters). 


of the fungus in the plant. Nevertheless, the results obtained are expressed 
in figure 2. In general, the fungus’was recoverd, in 1937, from a higher 
percentage of plants than showed either internal or external symptoms. 
The experiments of 1938 were started a month earlier than tliose of 1937, 
and symptoms of the disease were not expressed until the plants were 
somewhat older. The lower percentage of recovery of the fungus in 1938 
may have been due to greater difficulties in reisolation. The fungus was 
slower in emerging from the older wood and contaminations were more 
abundant. 

The cotton varieties Dixie Triumph 12, Super Seven, and Semiwilt 
proved to be much more resistant to the Fusarium isolates than did Farm 
Belief 2. This accords with field observations in general. Based on the 
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percentage of plants exhibiting external symptoms and from which the 
pathogen was recovered, the degrees of susceptibility of Dixie Triumph 12, 
Super Seven, Semiwilt, and Farm Relief 2 were found to be in the order of 
2, 3, 4, and 10, respectively. In figure 2 the isolates are arranged in the 
order of pathogenicity to Farm Relief 2. In general, their pathogenicity 
to the other 3 varieties followed somewhat the same order, though the 
percentages of infection and external symptoms in the resistant varieties 
were so reduced that differences between isolates were less evident. 

The number of reisolations made in 1937 from Super Seven and Semi¬ 
wilt were far in excess of the number of plants exhibiting either external 
or internal symptoms. For example, isolate 6 was recovered from 100 per 
cent of the Super Seven plants, but only 28 per cent of the plants exhibited 
external symptoms and 32 per cent internal symptoms. 

A spore suspension was used as inoculum in a parallel experiment in 
1938, mixing about 5. billion spores into the soil of each pot. The spores 
were washed from cultures growm on the oat-wheat mixture. Five isolates 
(Nos. 5, 6, 8, 9, and 5 Z) of the pathogen were used with -the variety Farm 
Relief 2. In general, the relative i)athogenicity of the isolates followed 
the same order as in the experiments previously described. However, the 
percentages of infected plants, as well as of plants exhibiting external 
symptoms, were considerably lower. 

DISCUSSION 

Based on the expression of external symptoms by the cotton variety 
Farm Relief 2, the isolates of Fnsarwm vminfectum jiresented a wide range 
in pathogenicity. It has been reported for certain other Fusaria^-^ that 
isolates characterized by a combination of abundant aerial mycelium and 
rapid radial growth are highly pathogenic. This held true for the isolates 
5, 6, 8, and 12. On the other hand, isolates 4 and 7 were relatively high 
in pathogenicity but exhibited an appressed type of growth on potato- 
dextrose agar. Isolates 2, 1, 10, and 3, with the appressed cultural charac¬ 
ter, were lowest in pathogenicity. These phenomena are in accordance with 
studies of other Fumria and lead to the conclusion that a cultural variant 
may or may not be less pathogenic than the isolate from which it arose. 

It was observed that fresh isolations of Fusarhim vasinfectum, obtained 
from diseased plants in the field, are generally characterized by abundant 
aerial mycelium and rapid groAvth in culture. In all probability", the very 
weakly pathogenic isolates 2, 1, 10, and 3 with the appressed cultural 
character represent variants that had arisen during their lengthy period in 
culture. 

Pathogenicity and cultural characteristics of the isolates were not af¬ 
fected to any extent by a single passage through the host. This is especially 

6 See footnote 3. 

« Harvey, C. C. Studies in the genus Fmarinm, VIT. On the different degrees of 
parasitic activity shown by various strains ot Fmarium frvctigenum, Ann, Bot* 43; 246- 
259, 1929, 
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interesting with respect to the weakly pathogenic isolates that had long 
been in culture* 

The cotton varieties Dixie Triumph 12, Semiwilt, and Super Seven 
proved to be considerably more resistant to all the isolates than did Farm 
Relief 2. Reisolation of the fungus from the resistant varieties was far in 
excess of the number of plants exhibiting external symptoms. This would 
indicate that resistance was not involved in the infection pro<?fess. 

Whether or not the development of cultural variants differing in patho¬ 
genicity answers the problem of why a variety of cotton seems to be more 
resistant hi some localities than in others may be open to question. Edaphic 
factors may be of significance. Nevertheless, since this fungus grows 
saprophj’tically in the soil, it is possible that variants differing in patho¬ 
genicity may occur in the field. Orton^ obtained * ‘ dissociation ^ ’ of Fumrium 
vminfecUtm in sterilized soil. 

SUMMARY 

Evidence is given that variants of Fusarium vasinfcctuni do arise in 
culture. A variant tends to have less aerial mycelium and to exhibit a 
slower rate of growth than the parent. None was found that reverted 
to the parent type during 17 successive transfers. Moreover, a variant 
appeared to dominate the parent type, even to the exclusion of the latter. 
A variant may give rise to secondary variants. 

Isolates showed a wide range in pathogenicity. Cultures that exhibited 
abundant aerial mycelium and grew rapidly were among the highly patho¬ 
genic group, but variation from this cultural type may or may not be 
paralleled by decrease in pathogenicity. 

Isolates that had long been retained in culture were weakly pathogenic. 
Their cultural characteristics indicated that they were variants that had 
arisen in culture. 

A single passage of an isolate through the host did not modify its 
pathogenicity. 

The high percentage of reisolation from resistant cotton varieties sug¬ 
gests that the mechanism of X’esistance is }iot involved in the j)rocess of 
infection. 

It is suggested that variants of this fungus, which differ in pathogenicity, 
may occur in the field. 

South C-arolina Experiment Station, 

Clemson, South Carolina. 

7 Orton, C. B. The dissociation of Fusarium in soil. Bull. Toit. Hot. Club 62: 
413-418. 1935. 



THE PRACTICABILITY OP DETECTING DUTCH ELM DISEASE 
BY TRUNK SAMPLING 
W. E. Ahkens 

(Accepted for publication January 30, 1940) 

4f. 

The purpose of this study was to devise a practicable method for diag¬ 
nosing Dutch elm disease by sampling accessible portions of the trunks of 
suspected elms, and to determine some applications of this method in the 
control of the disease. 

There are limitations to the technique of finding all elms infected with 
Ceratosiomella ulmi (Schwarz) Buisman, by culturing twig samples from 
trees expressing foliar symptoms commonly associated with the Dutch elm 
disease. True and Slowata^ found that from 0.007 to 2.3 per cent of such 
elms in plots sampled in 1936 and 1937 were actually infected with C, ulmi 
and, conversely, that 50 per cent of the trees found infected did not show 
external symptoms. In addition, collecting twig samples from elms is ex¬ 
pensive, since approximately one-half of them are so tall that satisfactory 
samples cannot be obtained without climbing the trees. Also an accurate 
inspection for external symptoms is impracticable in densely wooded areas. 
Furthermore, any scouting method based on the presence of foliar symp¬ 
toms is handicapped by the shortness of the period during which it can be 
employed. 

The occurrence of both tlie fungus and tlie vascular discoloration asso¬ 
ciated with it in the trunks of infected trees has been mentioned by earlier 
writers^- * and extensively demonstrated by Smith.* Therefore, the prin¬ 
cipal problem in the present study was to determine whether specimens 
suitable for laboratory diagnosis could be collected from the trunks of elms 
suspected of having the disease and whether such a procedure would be a 
practicable method for finding infected elms, particularly during the dor¬ 
mant season. In the course of the study suit-able tools were devised, methods 
for trunk sampling were developed, the eflFectiveness of the method for find¬ 
ing diseased trees %vas tested in the field, and the effects of the trunk-sam¬ 
pling operation upon the trees were determined. 

MATERIALS AND METHODS 

An arch-type leather punch, extracting a sample f in. in diameter, 
w’^as used throughout the early part of the w^ork. Later, an inexpensive 
leather punch having a bore I in. in diameter w^as found satisfactory. The 

1 True, R. P., and S, S. Slowata. Scouting an^ sampling elms wtli symptoms eom- 
monly associated with the Dutch elm disease as an aiH in eradicating Ceratostomella 
Phytopath. 29: 529-5.^7. 1939. 

«May, C., 0. N. Liming, and Thelma Alexander. The Dutch elm disease in Ohio. 
(Abstract) Phytopath. 21: 125. 1931. 

8 Schwar^ Marie B. Das Zweigsterben der ITlmen, Traueweiden, und Pfirsichlmume. 
Utrecht. A. Oosthoek. jip. 7-.32. 1922. Part relating to elm translated by L. K, Kelsey 
as twig wilt and vascular disease of the elm.^^ Bartlett Research Lab. Bull, 1: 

5-25. 1928. 

* Unpublished report. A. L. Smith, formerly Field Assistant, Division of Forest 
Pathology, Bureau of Plant Industry. 
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punch was driven into the tree with a 1-pound composition rubber mallet, 
givmi a downward thrust to snap off the wood core inside it, and then re¬ 
moved from the tree (Fig. 1, A). The wood core was ejected from the punch 
with a wooden plunger set in the handle of the mallet. 



Pig. 1. Steps in trunk sampling and a healed injury, A. Bemoviiig samples, 
B, Slicing sample previous to inspection for vascular discoloration. C. Typical vascular 
discoloration in sliced trunk sample, B, CoUecting samples for culturing. K. Painting 
the wounds. F. Healed wound 1 growing season after sampling. 

The samples were taken on the circumference of the tree at a height 
convenient to the operator, usually the shoulder line. The spacing of the 
sampling points was based on unpublished studies by Smith® of the distri¬ 
bution of vascular discoloration in trunks of infected elms. He examined 
cross sections of 284 elms showing Dutch elm disease and found that 242 
(85 per cent) contained some discoloration at breast height. By examining 
6 Sec footnote 4. 
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incisions spaced at 3-*, 6- and 12-m, intervals on the circumference of these 
242 trees, he detected vascular discoloration at one or more points in 95.5, 
93, and 78 per cent of the trees, respectively. Since incisions at 3-in. 
intervals were only 2.5 per cent more eflEective than those at 6-in. intervals, 
samples taken by the author during the dormant season were spaced 
approximately 6 inches apart. 

Because of variation in growth increment and thickness of bark, the 
sampling depth was based on the number of annual rings penetrated rather 
than on a linear measure. The internal symptoms of the disease often 
occur ill the wood of annual rings infected prior to the current year; 
therefore, the samples included wood from no less than 2, but usually no 
more than 5, annual rings. 

All the samples were sliced diagonally through the center and across 
the grain (Fig. 1, C). Those f in. in diameter were sliced with a pocket 
knife; those i in. in diameter were sliced with especially adapted pruning 
snips (Fig. 1, B). 

AVlien discoloration was detected in a sliced sample, the subsequent dis¬ 
colored samples from the trees were retained without slicing. In most 
cases only 1 or 2 plugs from each tree contained discoloration and, there¬ 
fore. 3 additional samples were taken in a vertical line with the hole from 
which the sliced discolored plug Avas removed (Fig. 1, D). After the outer 
bark had been removed from these samples, they were placed in a glassine 
bag, properly labeled, and later cultured on potato-sucrose agar. The 
punch was sterilized with alcohol if discoloration was found. 

A j>ump-type oiling can was converted into a suitable instrument for 
ap])lying wound dressing to the |-in. in diameter holes from which 
samples luid been taken. The position of the exit holes on the nipple 
and the pumping action spread the paint evenly over the inside surface 
of the wound (Fig. 1, E). 

EB'PECTIVENESS OP TRUNK SAMPLING 
A. Sampling During the Dormant Season 

During the dormant season of 1936-1937, samples were t^ken at 6-in. 
intervals from the trunks of 6,031 elms to study the effectiveness of this 
method for finding infections of Ceratostomella tdmi. The elms sampled 
had been inspected for foliar symptoms during the previous growing season, 
and 114 of them being found diseased, were eradicated before the trunk 
sampling was done. Elms smaller than approximately 3 in. in diameter, 
breast high, were not trunk-sampled because twig samples could be col¬ 
lected in less time. The results of this study are given in table 1. 

Forty-five new CeratosUmella vlmi infections were discovered within 
the plots. These increased the total number of cases for the period of 
the study from 114 to 159. Extensive patterns of vascular discoloration 
in the 45 trees indicated that they had been diseased during at least the 
final scouting period preceding trunk sampling. There were occasional 
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From records of Dutch Elm Disease Eradication Office, Bureau of Entomology and Plant Quarantine. 
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galleries of Scolytus multistriatus Marsh, and Hylurgopinus rufipes Eioh. 
in many trees. Adults of the former had recently emerged from heavily 
diseased portions of 3 trees.® Probably those 3 and possibly others among 
the 45 had been instrumental in further spread of the fungus. 

That trunk sampling is not a method for finding all Ceratostomella ulmi 
infections was demonstrated by discovery of 4 diseased trees among 80 
elms removed from the Milltown plot after the trunk sampling was com¬ 
pleted. However, vascular discoloration in those trees was not extensive. 

The three foliar inspections of the elms in the Convent and Milltown 
plots during the summer preceding trunk sampling required 72 man days.' 
Trunk sampling the plots consumed 28 man days. 

These results suggest several ways in which trunk sampling during the 
dormant season could be employed in the control of Dutch elm disease: 
(1) to supplement summer scouting, particularly in areas in which an 
unusually large number of infected trees had been found by summer 
scouting; (2) to appraise the effectiveness of summer scouting by sampling 
plots selected at random; (3) to supplant summer scouting in wild or 
semi-wild areas adjacent to concentrations of valuable elms. 

B. Sampling While Trees Are in Foliage 

To determine the efficiency of trunk sampling as a method for collect¬ 
ing samples from trees expressing symptoms of Dutch elm disease, a study 
was conducted during the period June 16 to July 7, 1937, on 66 known 
diseased trees selected at random in Morris County, New Jersey. They 
were sampled at 3-in. intervals within 8 to 16 days after discovery by 
field scouts. Ceratostomella ulmi was isolated from trunk samples from 
64 of the 66 trees sampled. Sampling at 6-in. intervals would have found 
61, (92.4 per cent) of the trees. 

Samples from 54 of the 66 trees (82 per cent) contained vascular dis¬ 
coloration in the 1936 annual ring. The circumferential distribution of 
this discoloration was such that approximately 75 per cent of the 66 trees 
could have been found by trunk sampling at 6-in. intervals during the pre¬ 
ceding dormant period. However, in another group of trees only 31 per 
cent of 1,300 diseased trees removed later in the same season (July 7 to 
September 30, 1937) contained discoloration in the 1936 annual ring. 

A further test of trunk sampling during the growing season was con¬ 
ducted during the period July 12 to August 25, 1937. Samples were 
taken in the usual manner at 6-inch intervals from approximately 5,500 
elms not known to be diseased. They adjoined approximately 800 diseased 
trees discovered about 2 weeks earlier by foliar scouting and scattered 
throughout the known infected area in New Jersey. It is assumed that 
they were inspected for foliar symptoms at the time s^ples were taken 

« Trees were examined for, iiuieet infestatioa by W. J>, Bachanan, Division of Forest 
Insects, Bureau of Entomology and Plant Quarantine. 

r Data supplied by Dutcm Elm Disease Eradication OfBee, Bureau of Entomology and 
Plant Quarantine. 
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from the infected trees that they adjoined. Evidently they did not express 
external symptoms at that time, since no twig samples had been collected. 
Cerdtostcmella ulmi was isolated from trunk samples from 38 (0.7 per cent) 
of the trees. 

Other studies yet to be published, indicate that as high as 20 per cent 
of the diseased trees found by summer scouting during 1937 did not con¬ 
tain sufficient trunk discoloration 1 to 2 weeks after symptoms were first 
observed to insure detection by trunk sampling at 6-inch intervals. 

The results of the several studies of trunk sampling during the foliar 
season suggest two uses for this method in the control of Dutch elm disease: 
(1) To define the probable extent of vascular discoloration in more valuable 
infected elms to determine whether the infected parts could be excised; 
and (2) to speed summer scouting by collecting trunk samples from 
symptom trees that would otherwise require climbing. 

Some Effects on the Elms 

Measurements were taken of healing occurring after one growing season 
on wounds | in. in diameter made by trunk sampling at 6-in. intervals. 
The 1,425 wounds were distributed on 469 trees in 19 plots, each contain¬ 
ing 16 acres, in Morris County, New Jersey. Healing of all wounds, based 
on percentage of area calloused, averaged 71 per cent, 29 per cent were 
completely healed, and 75 per cent wwe closed 50 per cent or more. 

Punches | in. in diameter are recommended, but extensive data are not 
available on the healing of holes of this size. Alternate i- and f-in. 
samples, however, were taken May 14 to 17, 1937, from 10 trees at approxi¬ 
mately 3-in. intervals on the circumference. Measurements of healing were 
made the following November. The percentages of the wounds made with 
the and f-in. punches that were completely healed were 52 and 21, 
respectively. 

One year after the trees in the Morris County plots were trunk-sampled 
a study was made of the effect of sampling on growth increment. The 
average width (2,16 mm. rh .11) of the 1937 annual ring formed on sampled 
trees the year following sampling was comparable to the width (2.23 
mm. ±: .10) of the 1937 annual ring on unsampled check trees. Evidently 
the trunk-sampling operation had little effect on the increment of growth 
during the following year, 

The relation between growth increment in 1936 and healing of ‘wounds 
after sampling in 1937 was determined by comparing the width of the 
1936 annual ring with the percentage hekling of the wounds, *On trees 
of average growth the wounds were approximately 84 per cent closed. 
The percentages of healing of wounds on trees below and above average 
radial growth were 50.7 and 94.0, respectively. One would, therefore, 
e^cpect most wounds made with the smaller (J4n.) punch on trees of 
average growth increment to heal in one growing season (Fig. 1, P). 

Wood samples from trees previously trunk-sampled were plated to deter- 



1940] 


JON3B»: Leap Spot of Sansevieria 


527 


mine if fungi commonly associated with decay in living trees were present. 
None was found.® 

SUMMARY 

Satisfactory tools and methods have been developed for removing 
samples i in. in diameter and suitable for culturing from trunks of elms 
suspected of having Dutch elm disease. 

During the dormant season 1936-37 this sampling method was applied 
to 6,031 elms considered disease-free when last inspected for foliar symp¬ 
toms in the preceding summer. The 45 new infections discovered con¬ 
stituted 28.3 per cent of all infections found in the plots by scouting for 
foliar symptoms and by trunk sampling. 

Dormant-season trunk sampling was less expensive than intensive 
summer scouting. 

Several studies of trunk sampling during the growing season indicated 
that approximately 80 to 92 per cent of infected elms showing foliar 
symptoms could be found by trunk sampling about two weeks after symp¬ 
toms were observed. Those with vascular discoloration insufficient for 
detection \vere usually not severely affected by the disease. 

Apparently trunk samjding during the dormant season at 6-inch in¬ 
tervals did not injure the trees, since (a) the growth increment of sampled 
trees during the year following sampling was not retarded; (b) none of 
the commonly recognized fungi associated with decay of living trees was 
isolated from platings of wood adjoining healed and unhealed trunk- 
sample wounds. 

Five ways in which trunk sampling might be used in control of Dutch 
elm diseases have been enumerated. 

Division of Forest Pathology, 

Bureau of Plant Industry, 

U. S, Department of Agriculture. 

FUSARIUM LEAP SPOT OP SANSEVIERIA^ 

Leok K , Jones 
(Accepted for publication January 15, 1940) 

A leaf-spot disease has been observed on Sansevieria zeylanica Willd., and 
S. zeylanica var. laurentii Hort. in many of the glasshouses in the State of 
Washington. Often every leaf on a plant may show roundish, somewhat 
sunken, reddish-brown lesions, | to 1 cm. in diameter, with yellowish borders 
(Pig, 1). The spots may be limited to one side of the leaf and develop a 
raised, corky surface. In many cases, the spots extend through the leaf, and 

«Ideatifleation of most of the fungi isolated was made by L, ill. Fenner, formerly 
Assistant Pathologist, Division of Forest Pathology, Bureau of Plant Industry. Transfers 
of unidentified fungi isolated from the samples were examined by Boss W. Davidson, Asso¬ 
ciate Myeologist, Division of Forest Pathology, Bureau of Plant Industry. 

I Published as Scientific Paper No. 429, College of Agriculture and Agricultural 
Experiment Station, State College of Washington. 



828 


Phttopathom>ot 


[Voi, 80 



Fia_. 1. Fasarium leaf spot of Sansevieria produced by inoculation in needle punc¬ 
tures witli Fusarintn moniliforme. Center leaf shows gir^ng by the orgfanism near 
the tip. 

tile center dries and falls out. Lesions may sometimes coalesce, encircle the 
leaf, and cause the death of the distal portion. A similar trouble caused by 
Fvmrium moniliforme Sheldon was reported by KottholE* as common on 
Sonsevierla in Germany. 

Isolations on potato-dextrose agar were made from 32 spots on 26 affected 
sEotthoff, P. None Topfpflanaenkrankheiten. Eranke Pflamse 14; 28-30. 1937. 
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leaves, and 20 of the isolates proved to be a species of Fusarium. Bacteria 
were isolated from 5 spots and another species of Fusarium from 2 spots. 
Inoculations with the 3 organisms showed that the predominant isolate was 
the only one capable of producing the disease (Table 1). 

TABLE 1. —JResulta of inoculations to determine the causal agent of Sansevieria leaf 

spot 



Source of 

1 organism 

! 


Inoculations 


Inoculum 

Inoc. in 
injuries 

Number 

infections 

Not 

injured 

Number 

infections 

Fusarium moniliforme Shel¬ 
don . 

Sansevieria 

87 

53 

10 

i 

6 

Fusarium sp . 

i t 

16 

0 

10 

0 

Fusarium ftp. 

Beet 1 

64 

0 

10 

0 

Bacteriftl culture . 

Sansevieria 

26 i 

0 

10 

0 

Fusarium martii App. and 
Wr. var. pisi .... 

j Pea 

10 

0 

10 

0 

Fusarium ronglutinans 

WoU. var, callistephi 
Beach . 

Aster 

32 

0 



Botrytis allii Munn 

Onion 1 

42 

12 

. 

.... 

PeniciUtum ex pansum JJk, . 

Apple j 

16 

0 


... 

Penicilhum gladioli L. McC. 
and Thom 

Gladiolus 

16 

16 



Fusarvim «p. 

Iris 

16 

0 



Sprayed witii water 

• • i 

5 

0 

5 

0 


It was considered that possibly other fungi might be capable of growing 
in the sue(*ulent leaf tissue of Smsevieria and, accordingly, a number of com¬ 
mon species were used as inoculum (Table 1). The results of these inocula¬ 
tions show that Botryiis allii and PenitUKum gladioli were capable of produc¬ 
ing lesions J to 1 cm. in diameter following inoculation into needle-pxinctured 
areas. B. alUi and P. gladioli produced circular, water-soaked sunken lesions, 
those of the former being greenish-brown, the latter greyish-green* The 
lesions caused hy B, allii were dried and inactive 14 days after removal from 
the moist chamber, but the P. gladioli lesions were still enlarging after 14 
days, and in one case continued and girdled the leaf near the point of 
inoculation. 

The Fusarium sp., predominately isolated from Sansevieria leaf spot and 
proved to be the causal agent by inoculation and reisolation, has been deter¬ 
mined to be Fusarium moniliforme Sheldon.® 

Infection of Sansevieria in injuries made by pricking the leaf with a 
needle was readily obtained with P. moniliforme. Also a number of lesions 
appeared in uninjured tissue at the base of the leaves where a moisture¬ 
holding cup is often formed (Fig. 2). The lesions at the base of the leaves 
often girdled the leaves and caused the upper portion to die. 

It has been recommended that a 4-6-50 Burgundy mixture be used in 
repeated treatments for the control of this disease. Tests vrith 4-6-60 Bur¬ 
gundy mixture plus i per cent Penetrol proved to be satisfactory as regards 
« Acknowledgment is dno Dr. C. B. Sherbakoff for verification of determination. 
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Fio. 2. Infection of Sansevieria leaf near the base by Fiigarium vnoniliforme follow¬ 
ing inoculation of uninjured leaves. 

coverage and lack of host injury. Sanitary practices in destrojnng diseased 
leaves and care in wateruig so that spore.s are not waslied about on wet leaves 
should aid in reducing infection. 

Division of Plant Pathology, 

Ageiculthral Experiment Station, 

The State College of Washington, 

Pullman, Washington. 


A PINK STAIN OP WOOD CAUSED BY A SPECIES OF 
GEOTRICHUM 

Mae Spkadling Chidester 
(Accepted for publication February 16, 1940) 

INTRODUCTION 

A jasper pink^ or light jasper red stain first attracted my attention 
when some southern yellow pine lumber was received from New Orleans, 
Louisiana. This lumber was infected with Forties pint (There) Lloyd and 
the stained wood bordered the decayed portion. The material was believed 
by the consignor to be so-called red heart, a name commonly used for the 
incipient stage of F. pint. rot. However, tkte color was distinctly different 
from that of red heart. Moreover, it not only bordered the F. pini decayed 
heartwood but extended out from the heartwood into the sapwood. Hubert* 
described a somewhat similar stain occurring in box elder trees, but no re- 

1 Bidgway, Bobert. Color standards and color nomenclature. 43 pp., illtis. (Wash- 
ingtoBu) 1912. 

* Hubert, E. E. The red stain in the wood of box elder. Jour. Agr. Bcs. rXJ.S.l 26: 
447-457. 1923. 
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port of such a stain in pine could be found, Hedgcock® reported PeniciU 
Hum aureum Oorda and two other species of PenicilUum as capable of 
staining pine wood orange red to crimson red, and Pusarmm roseum Link 
as the fungus causing pink, red, or violet blotches in pine lumber. Scheffer 
and Lindgren* reported Fusarium moniliforme Sheld. as the cause of pink 
patches in the sapwood of southern yellow pine. Since apparently similarly 
stained pine had not been described, it was considered desirable to identify 
the causal agent. 

CAUSAU FUNGUS 

A mold was isolated from the pink-stained specimens. When grown at 
room temperature (about 25° C,) on malt medium® the fungus becomes 
mealy in appearance in a few days, because of numerous clumps of spores 
that vary en mas^e from an ivory yellow to a baryta yellow. The malt 
medium, on which the fungus grows rapidly, soon becomes pinkish. The 
under side of cultures becomes dark-specked, due to certain portions of the 
mycelium turning dark brown (PI. II, A). Some of the mycelium turns a 
tyrian blue. 

The conidia are borne in chains formed by the divisions of the branches 
of the much and irregularly branched conidiophores (PL II, B). The 
mature spoi'es are hyaline, short cylindrical (PL II, C), extreme range 2 p 
to 3.6 |i by 2.7 p to 4.1 [i and sextile range 2.7 |j to 3.4 p by 3 p to 3.7 p. 
The hyphae vary considerably in size, being from 2 p to 13 p in diameter. 

The fungus was referred to the genus Oeotrichum by Diehl.® Prom 
a preliminary comparison with descriptions of species of this genus it seems 
to be a new species, but because of the confusion in the mycological lit¬ 
erature concerned -with Oeotrichum and related genera no further attempt 
was made to classify the fungus or describe it as new. 

The autlior has isolated the same fungus from red-stained cypress heart- 
wood lumber, and Davidson" has obtained it from pink-stained heartwood 
of a decaying oak log. 

THE STAINING ABILITY OF GEOTRICHUM SP. 

The staining ability of Oeotrichum sp. was tested on the heartwood and 
sapwood of 8 different species of w^ood. Cultures originating from a single 
spore® of Oeotrichum sp, isolated from southern yellow pine heartwood were 
used to inoculate 10 1 x i x 10 in. sticks, 5 of which were sapwood and 5 
heartwood, of each of the following species of wood: silver fir {Abies ama- 

8 Hedgeock, G. G. Studies upon some eliromogenic fungi which discolor wood. Mo. 
Bot. Gard. 17th Ann. Bpt. (1906) ; 59-114. 1906. 

* Scheifor, T. G., and B. M. Lindgren. Some minor stains of southern pine and hard¬ 
wood lumber and logs. Jour. Agr. Bes. [XJ.S.j 233-267. 1932. 


«Trommer^« plain malt extract .....:. 25 gm. 

Bacto-agar .-.. ... •. 15 gm* 

Distill^ water „ . 1000 ec. 


« Diehl, W. W., Division of Mycology and Disease Survey, Bureau of Plant Industry, 
U. S. Department of Agriculture. 

f Davidson, B. W., Division of Forest Pathology, Bureau of Plant Industry, U. S. 
Department of Agriculture. 

8 Single-spore isolations made by H. C. Greene of the University of Wisconsin, 
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Plate n. A. Myeelium grown on malt agar. xaOO. B. Oonidiophorea. x300. 
0. Spores. magnified. D. Mycelium in wood, x 225. 
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bills (LoudOti) Forbes), yellow birch {Betula lutea Michaux), black spruce 
{Picea mariana (Miller) Britton, Sterns, and Poggenberg), loblolly pine 
{Finns taeda L.)> Douglas fir (Pseudoisuga iaxifolia (LaMarck) Britton), 
red oak {Quercus borealis Michaux f.), southern cypress {Taxodium dis- 
iichum (L.) Richard), and western hemlock (Tsuga heterophylla (Ra- 
finesque) Sargent). Each stick was steamed 30 minutes at atmospheric 
pressure prior to inoculation. Within 3 weeks after inoculation all of the 
sticks were stained from a jasper pink to a light jasper red, the same color 
as the stained specimens from which the fungus was originally isolated. 
Sticks with a moisture content of 90 to 100 per cent were stained more in¬ 
tensely and more uniformly than sticks with a moisture content of 40 to 50 
per cent. The sticks with high moisture content were stained throughout. 
Microscopical examinations showed only scattered hyphae (PL II, D) 
throughout the wood, but they were somewhat more numerous in the resin 
ducts and rays. 

SUMMARY 

A fungus isolated from pink-stained southern 3 'ellow pine sapwood and 
heartwood that is morphologically like a fungus isolated from the heart- 
wood of cypress and from oak was found to be capable of producing the 
same color in the heartwood and sapwood of lobolly pine, yellow birch, 
c^’^press, w'estern hemlock, black spruce, silver fir, red oak, and Douglas fir. 
It has been classified as a species of Oeotrichnm, 

Division op Forest Pathology, 

Bureau op Plant Industry, 

In Cooperation with 

The Forest Products Laboratory, 

IT. S. Department op Agriculture. ^ 

_ ^ 

THE OCCTIREENCE OP HELMINTHOSPORIITM TURCICUM IN THE 
SEED AND GLUMES OP SUDAN GRASS' 

8. J. F. Chiltons 
(Accepted for publication March 1, 1940) 

Sudan grass {Sorghvm vulgare var. sndanense (Piper) Hitehc.) is 
severely attacked at times by Helminthospormm turcicum Pass. How this 
fungus, which attacks maize and sorghum, overwinters in colder climates 
is apparently unknown (2), althoi^h Eddins (1) states that in Florida it 
overwinters on debris in the field." Species of Belminthosporium have 
been isolated from maize seed (3, 6, 7, 8), Valleau (8) demonstrating a 
high percentage of infected seed when a special technique wa^ used. 
McDonald (4) obtained no evidence of seed infection by JET. turcicum trom 

t A contribution from the tX. S. Begional Pasture Besearch Laboratory, Division of 
Forage Crops and Diseases, Bureaju of Plant Industry, U. S, Department of Agriculture, 
in cooperation with the Northeastern States. 

2 The writer wishes to express his gratitude to the agronomists and seed companies 
who furnished the seed. 
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maize crops heavily infected with the fungus. Sherbakoff and Mayer (5), 
however, report it as causing an ear rot, and A. H. Eddins, in a letter to 
the writer, states that he has isolated the fungus from maize seed. It 
is the purpose of this paper to report its presence and prevalence in the 
seed and glumes of Sudan grass. 

MATERIALS AND METHODS 

Fifty-two lots of Sudan grass seed produced in 10 States were used in 
the studies. Twelve lots were produced in 1939, 34 in 1938, 5 in 1937, nJid 1 
in 1936. The lots from the 1936, 1937, and 1938 crops were tested in the 
spring of 1939, those produced in 1939, in the fall of the same year. The 
technique for determining the presence of fungi consisted in separating the 
seed and glumes, surface sterilization with 95 per cent ethyl alcohol for one 
minute, 1-1000 aqueous solution of bichloride of mercury (5 minutes for 
seed and 1 minute for glumes), followed by immersion in a saturated solu¬ 
tion of calcium hypochlorite until transferred to plates of potato-dextrose 
agar. Both seed and glumes were left from 6 to 15 days, after which iden¬ 
tifications were made. . One hundred and fifty or more seeds and 88 to 200 
glumes were tested for each lot. Over 9,000 seeds and 5,000 glumes were 
plated. In the ease of Melminthosporium turcicum, inoculations with ap¬ 
propriate checks were made with single-spore cultures on Sudan grass plants 
and the fungus reisolated to ensure pathogenicity of the isolates. Germina¬ 
tion studies of the seed were made on moistened filter paper in sterile Petri 
dishes. 

EXPERIMENTAL, RESULTS 

The data in table 1 show that 21 of the 52 seed lots, or 40 per cent, were 
infected with Eelminthosporium turcicum, and one or more infected lots 
were obtained from 7 of the 10 States. The fungus was demonstrated in the 
seed and glumes of 16 lots, in the glumes of 3 lots, and in the seed alone in 2 
lots. The percentage of infected seed varied from 1 per cent to 20 per cent, 

TABLE 1 .—Seed lots of Sudan grass from which Eelminthosporinm turcicum was 
isolated at State College ^ Pennsylvania, in 1939 


Source of seed 

Number 

lots 

tested 

Number 

lots 

infected 

Number 
lots with 
seed and 
glumes 
infected 

NumlKjr 
lots with 
glumes 
alone 
infected 

Number 
lots with 
seed alone 
infected 

California . 

11 

0 




Georgia . , .. 

2 

1 

1 



Illinois . 

5 

5 

3 

2 


Kansas . 

2 

0 


1 


Nebraska . 

15 

9 

8 

0 

1 

Kew Mexico v.. 

2 

1 

1 



Oklahoma . 

2 

2 

1 

1 


South Dakota . 

2 

1 

1 



Texas . 

10 

2 

1 


1 

Wiaeonsin . 

1 

0 





52 

21 

16 

3 

2 
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Fig. 1, Helminthosporium iurcicum emerging from surface sterilized seed of Sudan 
grass storf‘d two winters. 

and of glumes from 1 jier cent to over 50 per cent, respectively (Table 2). 
It is possible that the fungus was present in the other seed lots and was 
superficial emmgh to be destroyed by the sterilization technique, or that a 
random sample was not secured. The fungus was found in the seed or 
glumes of 4 of the 5 seed lots produced in 1937, indicating that the fungus 
ean remain viable in seed and glumes stored 2 winters. As high as 8 per 
cent of the seed and 3 per cent of the glumes of these lots yielded Helvnin- 
thosporinm turcmim. Figure 1 shows the fungus emerging from seed 
nearly 2 years old. 

TABLE 2,—Frequcncjf d 1strihulion of seed lots of Sudan qrass with respect to per¬ 
centage infection of seed and of ghmes with JIelminthosporium turcieum 


Per cent 


Matorials 

1 l-.'i ! .1.1-10 1 lO.l-Iii 1 1.1.1-20 1 

2(M--50 1 

1 Over 50 

Seed 

1 8 1 .1 3 1 2 

0 

1 

Glumes 

i 10 ! 1 1 1 1 

1 i 

1 1 


Seed of 2 infected lots was sterilized for 5 minutes, 1 hour, and 3 hours, 
respectively, in bichloride of mercury solution, the time in alcohol and cal¬ 
cium hypochlorite being the same as previously mentioned. The results 
(Table 3) show that 1-hour sterilization reduced germination from 90.4 per 
cent to 87.9 per cent and the percentage of seed from which Helmintho- 
sporium turckum emerged from 15.2 per cent to 2.7 per cent. Three hours’ 
sterilization reduced germination to 72.7 per cent and seed from which the 
fungus emerged to 1.2 per cent. These results indicate the fxmgus was 
located primarily, if not wholly, in the seed coat 
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TABLE Zr^Mmergmce of Metminihoaporvum iuroimim and germination of seed 
from $ lota of Sudan graaa ^eed after different periods of ateriliaation 


Btexiliasation time in bichloride of mercury 



5 minutes 

1 hour j 

3 hours 

Lot 

Number 

seeds 

|l 

1 

n 

1 

i-f 

fl 

.3 

& 

1- 

If 

SI 

© 

1J 


© S 

At bo 

(SS 

li 

Pk Sd 

S«H 

94 .S 

ll 


^ fl 

1 

202 

92.0 

18.8 

205 

91.2 

2.9 

1 224 

73.7 

2.2 

2 

205 

68.3 

11.7 

201 

84.0 

2.5 

204 

71v6 


All 



15.2 

406 

87.9 

2.7 

1 428 1 

72.7 ! 

1 1.2 


Germination tests of 22 seed lots free of Helminthosporium turcicum 
and 13 infected lots indicate that somewhat fewer seeds germinated in in¬ 
fected lots than free ones, the average germination being 83.5 per cent and 
75.5 per cent, respectively. The difference is statistically significant. 

Other fungi isolated were species of Alternaria, Helminthosporium, 
Acrothecium, Oospora, PenicilUum, Fusarium, Chaetomium, and Phoma. 
As high as 70 per cent of the seeds and 52 per cent of the glumes of some lots 
were found to contain Alternaria spp. Colletoirichum graminicolum (Ces.) 
Wilson was found once or twice in several seed lots and in over 50 per cent 
of the seeds and glumes of one lot from Georgia. 

SUMMABY 

Helmmihosporium turcicum is reported as occurring in tlie seed and 
glumes of a high percentage of the Sudan grass seed lots tested. The fungus 
may remain viable at least 2 winters in both seed and glumes. With respect 
to the seed, infection is confined primarily, if not wholly, to the seed coat. 
Germination was reduced somewhat in the case of infected seed in the lots 
tested. 

U. S. Regional Pasture Research Laboratory, 

Division of Forage Crops and Diseases, 

Bureau of Plant Industry, 

State College, Pa, 
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PHYTOPATHOLOGICAL NOTES 


Monilinia Gaming a Brown Bot and Blight of the Common Azalea.—In 
a previous paper' brief reference has been made to a species of Monilinia^ 
which is parasitic and pathogenic upon the common azalea or pinxter flower, 
Rhododendron roseuni Rehdev {-Rhododendron nudiflorum (L.) Torr. var. 
roseum (LoiseL) Wiegand). The name Monilinia Azaleae has been proposed 
for this fungus. 

The purpose of the present note is to present a technical description 
of this fungus for reference, pending the appearance of a more extended 
paper that has been prepared for publication. 

The apothecial stage arising from the mummied, overwintered fruits or 
capsules of the host was collected on the ground beneath the host plant 
by the writer on various field trips in May 1924, April and May 1925, and 
May 1927, at several locations near Ithaca, New York. 

The monilioid conidial stage appeared upon leaves and young succulent 
shoots when the host plant was in bloom early in June and the young 
pseudosclerotia and the conidial stage wdthin and upon the young developing 
fruits during the latter part of June and in July in the same locations. 

Collections of a monilioid conidial stage causing a leaf blight of Rhodo¬ 
dendron cancseenfi (Michx.) G, Don made at Winterville near Athens, 
Georgia, in April 1925, by Dr. Julian Miller, and later examined by the 
writer, appear to be of the same species. 

The measurements used here are for fresh living material. 

Monilinia azalpact sp. nov. 

Apothecia 1-2 ercsoontia parva fundamenta ab exteriore pseudoBcleroti in inuuii- 
ficatis fructibus, adultii, 0.83-3.5 m. in aJtitudino, stipitata, eyathifomiia ad patelli- 
formia, discus chinaraon browTi (B.)2 ad Front brown (K.) ad obscuriorem fuscum* 
atrimi, vertens oniniiio ad atrum ad inferiorem dimidium stiptis ot in rhizoideo caessite 
stipes lacvis et gracilis, cylindraceus, uttenuatus leviter et pult>erulus ad inferiorem par¬ 
tem 0.5-2.0 mm. latitudiiie et 0.4-3.0 cm. longitudine; rhizoideus caespes praosens, con- 
spicuus, ntrofuscus, capilliform, dabellifonn radians, ex inferiore parte stipitis; discus 
aperiens cyathoid et turn infundibuliformis, postea patellifonnis 0.2-1.4 cm. diaxu., raargo 
exilis interdum maturus flssuratus et recurvus; asci cylindracei clavati 178-258x11- 
16.5 p, modus 211.5 x 13.2 p modiaiius 213.48 x 1^8 p apice rotunda incrassnto perforate 
pore, cuius claudens substantea ope jodi uliquanto cyaneseente tingit, octosporij aseospoti 
saepe obliqui et uniseriales in parte suporiore asci, saepe subbiseriales, elliptic! finibus 
rotimdis, hyalini, continui, saepe cum centrali refringente macula, limites 9-20 x 5-14 p, 
modus 15x8.75; mediaiius 13.88 x 9.48 p; paraphyses abundantes, tilifomes, ascis 
aequilongi, apieibus subclavatis attenuati paulatim ad basem, continui vel uno aut duobus 
septis ad partem inferioTcm, hyalini; ectostroma crescens sub epidermem, maxime in 
foUis, juvenilibus ramulis et fructibus fructidcans cinereum incrementum de conidiis, 
saepe nervicola in superdcie superiore foli et in superficie fructus; conidia (macro- 
conidia) limoniformia continua, hyalina, limites 8.5-19.0 x 5.5-14.5 p, modus 11.1 x 8.8 p, 
medianus 12.37 x 9.59 p, cres<‘en8 in lon^s di-ct trichotomis catenis, adultum parvi, fusi- 
formes disjunetores saepe inter conidia; spermatia (raicroconidin) non observata; 
pseudosclerotia in aegrotantibus capsulis, adulta complentia loculos fruetos hyalinis 
nyphis incrassatis muris dispositis paliforme in contactii cum valjb pericarpi et dissepi- 
montorum placenta et ovules circum data in albo incremento fungi, solidum, complens 

^ Honey, E. E. North American species of Monilinia, I. Occurrence, grouping and 
life histories. Amer. Jour. Bot. 23: 101, 105, 106. 1936, 

^ (B.)-Bidgway, B. Color standards and color nomenclature. 43 pp,, 53 col. pi. 
Washington, B, C. 19lk 
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mumilicatam capsulam; bab., parasitica in foliis, romulis et fructibus Mhododendroni 
roseum Behder, Bnfield Gorge^ Ithaca, Tompkins County, New York. 

Apothecia one to two arising as small fundaments from the outer surface of the 
pseudosclerotium in mummied fruits, attaining at maturity a height of from 0.83-3.5 
cm., stipitale, cyathoid to patelliform, disc cinnamon-brown (B.) to Front brown (B.) 
to a darker brown-black, becoming entirely black toward the lower half of the stipe and 
on the rhizoidal-tuft; stipe, smoothi slender, cylindrical, tapering slightly and somewhat 
pubescent toward the lower portion, 0.5-2.0 mm. in breadth and 0.4 to 8 cm. in length; 
rhisfoidalduft present, conspicuous, blackish, capilliform, radiating, somewhat fan-ahape 
from its point of origin on the basal portion of the stipe; disc expanding becomes cya¬ 
thoid, then infundibuliform, later patelliform, from 0.2 to 1.4 cm. in diameter; margin 
then occasionally cleft at maturity becatiso of a recurving of the disc resulting in radial 
splitting from the circumference inward; 

Asci cylindric-clavate, 178-258 x 11-16.5 g,, mode 211.5 x 33.2 p, mean 213,48 x 13.8 p 
with rounded thickened apex perforated by a pore, the closing substance of wliich stains 
moderately blue with iodine^ 8-spored; ascospores commonly arranged obliquely uui- 
seriateiy in the upjjer end of the ascus or occasionally subbiseriately, elliptical, with 
rounded ends, hyaline, continuous, commonly with a characteristic-shape central refrac¬ 
tive spot, measurements give limits of 0-20x‘5-14 mode 35 x 8.75, mean 13.88 x 0.48 p; 
paraphyses abundant, Uliform, about the same length as the asci, slightly swollen toward 
the tips, gradually tapering toward the base, nonseptate or with 1 or 2 septa toward the 
basal region, hyaline. 

Eetostroma developed beneath the epidermis, particularly on ‘the leaves, tlie young 
succulent shoots and fruits, forming an ash-gray coating of the conidial fructification, 
commonly on the upi)et surface of the midrib of the leaf and on tho surface of the 
fruits. 

Conidia (macroconidia) limoniform, continuous hyaline, measurements give limits of 
8.5-19 X 5.6-14.5 p, mode 11.3 x 8.8 p, mean 12.37 x 9.59 p, t>orue in long di-and tri- 
chotomoiisly branched chains, at maturity small fusiform disjuriotors commonly present 
between the conidia. 

Spermatm (microconidia) not observed but x^ossibly present in this species. 

Fsewlosclerotia develoi) in the infected capsules, at maturity, filling the loculi of the 
immature fruit with a solid mass of thick-walled hyaline hyphao that assumes a more or 
less palisade-like arrangement at the j)oint of contact with the wall of the pericarj) and 
the dissepiments, the browned and shrivelled remains af the dissepiments, jdacemta, and 
the ovales are plainly recognizable embedded in tho white fungus growtli of the solid 
pseudosclerotium in the mummied capsule in cross sections, capsules containing i>aeudo- 
sclcrotia do not open but fall to the ground, overwinter, and later may give rise to the 
apothecia. 

Rost, The apothecial stage develops on the fallen mummied fruits of tlie common 
azalea, Rhododendron roseum Eehdor, which have overwintered on the ground in the leaf 
mold under tho shrubs in somewhat moist shaded places during the latter i)art of April 
and the first part of May in central New York. 

The conidial stage is x>arasitic uiion Rhododendron ro.ve/<ni aj^peariiig first ui^on scat¬ 
tering leaves and young succulent slnmts when the host is in full bloom, early in .lime, 
suid common upon the young and developing fruits the latter part of Juno and .July.— 

Edwin E. Honey, Department of Plant PatlioJogy, University of Wisconsin, 
Madison, Wisconsin. 

Fruit Stripe of Tomato Caused by a Tobacco Type 1 Virus .^—^During 
the summers of 1936 and 1937, sonie of the tomato fruit harvested from 
the experimental field plots at Pullman, Washington, showed chlorotic to 
necrotic stripes extending from the stem end towards the blossom end 
(Pig. 1). Cuttings were made from the affected plants and trtosferred 
to the glasshouse for study. Transfers from the affected cilttings to 
benched tomato plants in a comparative test with transfers of tobacco 
ihosaic, potato vein-banding, potato mottle, and combinations of these 
diseases showed the tomato fruit stripe to be distinctive in s 3 unptoms. 

SYMPTOMS 

The distinguishing symptoms of the disease are the stripes on tlie fruit. 
They appear first near the stem end as somewhat raised light-green to 

1 Fubfisbed as Scientific Faper No. 430, College of Agriciilturo and Agricultural Ex¬ 
periment Station, State OoUege of Washington. 
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ashen-grey stripes, 1 to 2 nun. in width, radiating from the point of stem 
attachment for varying distances towards the blossom end of the fruit. 
As the fruit enlarges the stripes maj’’ become broken, somewhat brownish, 
and sunken (Pig. 1). 



Fig. 1. Tomato fruit showing chlorotic and necrotic stripes radiating from the 
stem CM 1 ( 1 . 


The foliage of affected plants shows a mild mosaic (Pig. 2, C) without 
necrosis. No necrosis is noted in stems or petioles, as is tlie ease with 
plants affected with the single \drus streak, or the streak disease caused by 
the combination of the tobacco-mosaic virus and the potato X virus. On 
tobacco foliage the virus produces only a mild mosaic on the young leaves 
(Pig. 2, B), which is followed by numerous small chlorotic spots as the 
leaves gi-ow older (Pig. 2, A). 

Combination of the potato X vims and the fniit-stripe virus on tomato 
plants produced streak symptoms, and on tobacco plants leaf-necrosis 
symptoms similar to those produced by combining the tobacco mosaic vims 
and the potato virus in these suscepts. 

CHABACTEBISTICS OP THE VIRUS 

Inoculations to 10 tomato and 10 tobacco plants in each test diowed the 
fmit-stripe vims to have an incubation period of 12 to 15 days; it was 






inactivated at 90® C. and not at 80® C. for 10-minnte exposures; it re¬ 
mained active in 1:1,000,000 dilution with water; and remained acftive 
for a period of at least 65 days in vitro. The general characteristics of 
the virus were the same as those exhibited by tobacco virus 1 and, accord¬ 
ingly, it is considered a variant of the tobacco-mosaic virus.—^L eox K. 
Jones, Division of Plant Pathology, Agricultural Experiment Station, 
The State College of Washington, Pullman, Washington. 

Fumigation Injury of Chrysanthemum .^—It is a common practice in 
glasshouses to burn Nico-fume powder for the control of aphids. During 
the growing season, of 26 varieties of chrysanthemums, in a study of the 
Verticillium disease, the house was fumigated with Nico-fume when the 
buds of many varieties were partially opened. Nico-fume, to fill two 2|-in. 

TABLE 1 ,—Chrysanthemvm varieties subjected to Nico-fuvie fumigation 


Adrian’s Pride 
Ambassador 
Bonaffan 
Chadwick 
Chieftain 
Eiecember Beauty 
Pe^tnber Glory 
|>orothy Turner 
Br, Enj^ebardt 


Early Frost 
Friendly Bivid 
Golden Measure 
ludianola 
.Tustrite 
Lustre 
Maude Bean 
Monument 
Oconto 


October Frost 
Pink Mistletoe 
Pink Treasure 
Bazor 
Seidewitz 
Turner 
Whittier 
W. H, Waite 


1 PubBhlled as Scientific Paper No. 431, College of Agriculture and Agricultural Ex¬ 
periment Station, State College of Washington. 



Fig. 3. Ring of necrotic floral parts of Wliittier blossoms caused by Nico fume fumi¬ 
gation. Uninjured blossom in center. 

pots, was burned in 5500 cii. ft. of glasshouse space in the early evening, 
and the ventilators remained closed until 7:30 the next morning. 

Wlien the Whittier variety opened it was noted that most blossoms 
showed a ring of brown, dead, floral parts, 2 to 3 inches wide near the 
base (Fig. 1). None of the flowers of the other 25 varieties (Table 1) 
showed this injury. A similar planting of the 26 varieties in an adjacent 
section of the glasshouse was not fumigated and all blossoms were free 
from the trouble.— Leon K. Jones, Division of Plant Pathology, Agricul¬ 
tural Experiment Station, The State College of Washington, Pullman, 
Washington. 

Notes on Sepioria Scalds of Vetch and Peas in Oregon,^ —One of the 
most important diseases of vetch, particularly Vida sativa^ which is an 
increasingly valuable seed crop in Oregon, is a stem rot or scald and leaf 
spot caused by Sepioria viciae West. This fungus causes a purple to 
vinaceous cortical I’ot on the lower culm. Spotting and speckling extends 
up the stems and onto the leaves. After rains in late winter, the spotting 
coalesces to cause extensive scorching. While the culm injury is confined 
to cortical cells, tlie area covered is so extensive that injury is severe and 
reduction in seed yield is apparent at harvest. Often the fungus does 
not fruit, making identification uncertain, but in some cases spores are 
produced in great numbers. Spread of the disease is by spores, which, 
splashed by rains, cause the severe speckling or scalding. 

1 Cooperative investigations between tbe Division of Cereal Cro^s and Diseases, Bureau 
of Plant Industry, IT. S. Department of Agriculture, and the Oregon Agrioultural Experi¬ 
ment Station. Published as Technical Paper No. 331 of the Oregon Agrieultural Ex¬ 
periment Station with the approval of the Director. Contribution from the Department 
of Botany. 
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The fungus has two kinds of pyenospores, macrospores (53-71x1.7- 
2,1 p) and microspores (3.5-11 x 1.2-1.5 p) (Fig. 1). The macrospores are 



Pig. 1. Pycnospores (maerospores and microspores) of Septoria vicioe West, on 
Vida $ati/va. Granger, Oregon^ Juno 13, 1939. x 1000. 

straight to curved or slightly sinuous, broadly filiform, mostly 3-septate, 
with small oil drops in the cells. The microspores are nouseptate and 
bacillar-shape. The fungus can be assigned to Septoria viciae West. 
Common vetch is very susceptible, Hungarian vetch apparently less so. 

Aeortical stem scald of Austrian field peas has been observed in Oregon 
for a number of years. Its symptoms are similar to those of Septoria 
scald on vetch. It apparently is caused by Septoria pisi West and, in 
Western Oregon, is often the sole cause of severe injury to Austrian field 
peas in early spring. In other cases the fungus occurs with /Ucochyta, 
These diseases should be studied further as they are of economic im¬ 
portance, particularly in the control of seed-crop diseases in Oregon.— 
Roderick Sprague, North Dakota College of Agriculture, Fargo, N. D. 



BOOK REVIEW 

Thompson, Homee C. Vegetable Crops, (3rd ed.) 578 pp., 68 figs., $5,00. McGraw 
Hill Book Company, New York and London. 1089. 

Although this textbook was prepared primarily for students and others interested 
mainly in the culture, production, and economics of vegetables, phytopathologists and 
economic botanists will find it especially valuable as a reference. In it the author, who 
has spent his entire career specicdizing in this particular field, has assembled a veritable 
mine of scientific data on the different phases of the vegetable industry. 

The book consists of 27 chapters and is well illustrated with 68 figures, besides 
numerous tables. It might be said really to be composed of two parts. The first part 
consists of 15 chapters in which the author discusses the scientific facts and principles 
involved in the growth of the vegetable from germination of its seed to its harvest and 
storage or placement on the market. There is treated in these chapters such pertinent 
subjects as soils and soil preparation, manures, soil-improving crops, seed and seed grow¬ 
ing, and methods for the control of diseases and insects. Information, useful not only 
to the pathologist specializing in the diseases of vegetables, but also to the extension 
pathologist or, even the general pathologist called upon to diagnose diseases of vege¬ 
tables. 

The second part of the book is composed of 12 chapters in whicli the various groups 
of vegetables are discussed individually. For example, in the chapter devoted to per¬ 
ennial croi)s, such vegetables as asiiaragus, artichoke, Jerusalem artichoke (Girasole), and 
sea kale are considered. In another chapter, the potherbs or greens, spinach, New 
Zealand spinach, orach, chard, kale, mustard, coliards, and dandelions are considered. 
Other cliapters are devoted to cole crops, root crops, bulb crops, and the potato, the sweet 
potato, beans and peas, solaiiaceous fruits, the cucurbits or vine crops, and sweet corn. 

For each vegetable (at le/ist the important ones) there is given and discussed its 
history, taxonomy, eliaractoristies, climatic requirements, soil preferences, soil reaction, 
culture, diseases, and insects, if they are of economic importance. 

In this book the author shows that he appreciates the economic importance of dis¬ 
eases and insects in the growing of vegetables, inasmuch as he advises students specializ¬ 
ing in olericulture, to schedule during their collegiate careers courses on plant diseases 
and liarmf 111 insects. Furthermore, he stresses the danger of the transmission of diseases 
and insects into new areas by the indiscriminate shipment of plants. 

For each crop the author lists the important diseases and standard control measures. 
This information assembled under one cover should l>e especially helpful to vegetable 
growers who use this book as a reference and are not specialists in the field of phyto¬ 
pathology. Therefore, it is contended that the control measures recommended should 
be as up-to-dute and concise as possible, so as not to be in any way confusing. In some 
instances, the directions given for controlling some of the diseases are rather incomplete 
and indefinite or are cited as being effective in a certain section of the country. The 
user of this book is undoubtedly not so much interested in the effectiveness of treatment 
in one section as he is in knowing whether he can control or eradicate a disease in his 
own locality. 

In so comprehensive a volume occasional errors and omissions would be expected. 
In the chapter on the diseases of sweet potatoes the author omits mention of such diseases 
as soil rot or iiox. This disease, which is widely distributed and important, has become 
very serious in some sweet-potato areas in recent years, so bad in some cases liiat the yield 
has been reduced considerably. In some instances it has resulted in the abandonment 
of any further culture of this vegetable. Beference in the text is made to the mono¬ 
graphic study of the diseases of sweet potato by Harter and Weimer but the title or a 
citation of it is not to be found in the literature cited at the rear of this book. 

Inconsistencies appear in the use of authorities for names of seed plants, fungi and 
insects. Although these are not jiarticularly serious, they may be confusing to tlie stu¬ 
dents and others who use this textbook as a reference. For example, the scientific name 
and authority for cress or garden cross (Lepidium sativwn L.) is cited, while the author¬ 
ity for the scientific name of chervil or salad chervil {Anthriscus oerefoUum) occurring 
on the same page as the preceding vegetable, is omitted. Similarly, some inconsistencies 
appear in respect to capitalization of specific names. Other small errors and omissians 
occur throughout the book, but the author will doubtless correct them in his next revision. 
—Thkodoee T. Aynaa, Division of Fruit and Vegetable Crops and Dil^ases, Bureau of 
Plant Industry, H. S. Dept, of Agriculture, 'Washington^.D. C. 
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ATTENTION! PLANT PATHOLOGISTS 

Your committee on Publicity and Public Relations has been charged with 
the duty of working out ways and means of bringing before the public, as 
soon as it becomes available, information concerning the newer developments 
in the nature and control of plant diseases. 

The functions of the committee obviously cannot be carried out without 
the continued cooperation of the members of the Society. The committee 
earnestly appeals to all active plant pathologists to send in newsworthy 
material of their work. These may be reprints of new publications, a copy 
of the manuscript after acceptance by a scientific journal, or a description of 
the work designed especially for the committee's use. 

From this information, the committee will develop news articles or maga¬ 
zine articles or will transmit the information to one of the several science 
writers to be syndicated in their publications. In every ease the author will 
be given full credit. The information will not be used without the full con¬ 
sent of the author and of the authorities at his institution, if such consent be 
necessary". It will be the constant care of the committee that no untrue or 
distorted interpretation of the facts shall be written by reporters. 

The committee will not interfere in any way with any established State, 
federal or other publicity work. 

We would suggest that all available information be sent to the committee¬ 
man representing your section of the country or to the chairman if you so 
desire. Please state if the information can be used immediately or give its 
approximate date of release. 

C. T. Gkegory, Chairman 
Committee on Publicity and Public Relations 

SUMMER MEETING OP THE NORTH CENTRAL STATES 
GROUP OF PHYTOPATHOLOGISTS 

The North Central States group of pliytopathologists will conduct a 
summer tour in western Illinois from June 20 to 22. The group will as¬ 
semble at Quincy, Illinois, on June 20. June 21 will be spent on tree fruit 
and small fruit diseases near Quincy and on grain diseases in the Illinois 
River bottom near Jacksonville. The afternoon will be devoted to an in¬ 
spection of the experimental orchard spraying work at Jerseyville. The 
night will be spent at the famous Pere Marquette State Park near Grafton. 

On June 22, the group will tour the intensive vegetable area in the Mis¬ 
sissippi River bottom near East St. Louis where various vegetable and field 
crop diseases will be seen. 

Members of the Society other than those in the North Central States 
(Michigan, Wisconsin, Minnesota, Iowa, Nebraska, Missouri, Illinois, In¬ 
dira and Ohio) who plan to attend the meeting should write Dr. H. W. 
Anderson for detailed program about May 20. 

Committee on Arrangements, 

C. M. Tucker 
I. H. Mblhus 
H. W. Andbbbon 
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